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ADP adenosine diphosphate 
aq aqueous 
Arg arginine 
Asp aspartic acid 
AUC area under the concentration-time curve 
BA bioavailability 
Boc tert-butoxycarbonyl 
nBu normal butyl 
cAMP cyclic AMP (Adenosine 3’,5’-cyclic monophosphate) 
Cbz benzyloxycarbonyl 
COX cyclooxygenase 
D aspartic acid 
de diastereomeric excess 
DMAP 4-dimethylaminopyridine 
DMF N, N-dimethylformamide 






GPIb Glycoprotein Ib 
GPIIb Glycoprotein IIb 
GPIIIa Glycoprotein IIIa 
GPIIb/IIIa Glycoprotein IIb/IIIa 
h hour(s) 
HOBT 1-hydroxybenzotriazole 
HPLC high performance liquid chromatography  
HRMS high resolution mass spectra 




mp melting point 
MS mass spectra 
NMR nuclear magnetic resonance 
nPen normal pentyl 
p.o. per os 
iPro iso propyl 
R arginine 
rt room temperature 
TFA trifluoroacetic acid 
THF tetrahydrofuran 
TMS trimethylsilyl 
TXA2 thoronboxane A2 




























Figure 1.  The drug design of RGD β-turn mimetics
                  (RGD-βターンを模した分子設計)
































6 員環構造を組み込んだ化合物 (Figure 1) が良好な血小板凝集抑制作用を示すことを見出
した。この化合物をプロトタイプとし、以下の 2 種の薬剤創出研究に展開した。 
 
先ず、この非ペプチド性分子をプロトタイプとして、出血傾向の少ない、安全性の高い注









 次に、種々の脂溶性置換基を Figure 1 に示した 6 員環化合物のカルボキシル基のβ位に
脂溶性置換基を導入した化合物の合成を行った。その結果、Figure 3 示す化合物 (R = H) が
高い血小板凝集抑制作用を有し、かつ経口吸収性に優れている薬剤であることが判明した。
経口吸収性の向上をさらに検討した結果、活性部位の一つであるカルボン酸をペンチルエ





































































Table 1.  Representative anti-platelet agents for clinical use in Japan


















血漿中に存在する蛋白 フォンビルブランド因子 9) (von Willebrand Factor; vWF)と結合する。
血小板はその表面膜上に存在する糖蛋白グリコプロテイン Ib (Glycoprotein Ib; GPIb) または
グリコプロテイン IIb/IIIa10) (Glycoprotein IIb/IIIa; GPIIb/IIIa) を介してこのコラーゲンに結合





デノシン 2 リン酸 (ADP)、トロンビン、セロトニン、フィブリノゲン、vWF、または後述
する二次止血で重要となる凝固第 V 因子や血小板第 4 因子も放出される。同時に、血小板
内のアデニル酸シクラーゼが産生されアラキドン酸カスケードが働き、トロンボキサン A2 
(TXA2)が生合成される。これらの物質が血小板同士での凝集を起こす刺激物質 (アゴニス


































































































小板凝集に関わる膜糖蛋白であるグリコプロテイン IIb/IIIa (Glycoprotein IIb/IIIa; GPIIb/IIIa)






機能を発現し、血栓を形成する (Figure 6 参照)。この際、GPIIb/IIIa がフィブリノゲンと結
合する部位は、GPIIIa 鎖の 109 番から 171 番の部分であることが分かっている 19)。一方、
粘着性蛋白であるフィブリノゲンは分子量約 34 万の水溶性蛋白であり、α，β，γ鎖の 3
本のサブユニットが N 末端付近で S-S 結合をし、それらが対を成したダイマー構造を有し
ている 17)。GPIIb/IIIa は、このフィブリノゲンのα鎖 95－97 番目、および 572－574 番目の
アルギニン－グリシン－アスパラギン酸 (Arg-Gly-Asp; 以下 RGD) 残基部分を特異的に認
識し接着する 20)。この RGD 構造のアルギニンには塩基性置換基であるグアニジノ基が存在
し、またアスパラギン酸部分には酸性置換基であるカルボキシル基が存在する。これらの
置換基が GPIIb/IIIa 中の官能基とそれぞれ静電的な相互作用により結合し、血小板凝集が起
































































ン等価体としての 4-ピペリジノ基の導入は Merck のグループらによっても報告された 22)。 
カルボン酸側は、そのままカルボシキル基を取り入れても問題ないと判断し、カルボキシ
ル基とピペリジン基の 2 つの官能基をそれぞれ設計小分子の両端に配置した。次に、2 つの
官能基間の距離を制御した。RGD のトリペプチドの場合、グアニジノ末端アミノ基の N 原











かった。そこで、著者は、この折れ曲がりに対応する環状構造部分に、Figure 9 に示す 5 員
環から 8 員環に至る環状β-アミノ酸構造を組み込んだ非ペプチド性小分子 (1a-1f) を設計
した。小さな環構造であれば、その２官能基のなす角度は小さく、2 官能基間の距離も小さ
くなる。環構造が大きくなればなるほど、2 官能基のなす角度は大きくなり、2 官能基間の
距離も広がる。7 員環及び 8 員環環状構造誘導体の環内に 2 重結合を組み込むことで、環の
自由度がある程度制御できる。これらの効果が、血小板凝集抑制活性にどのような影響を
与えるかという点も検証することとした。そこで、先ず、これら設計分子 (1a-1f)をラセミ
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Figure 9.  The mimetics of  β-turn （β－ターン構造の擬似変換）　　　
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前節で設計したプロトタイプ候補化合物 1a-f の逆合成を Scheme 1 に示す。 設計分子には















されている 27)。著者はこの反応を用いて、7 員環から 9 員環のラセミβ-アミノ酸誘導体の
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Figure 10.  Grubbs' catalyst
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て合成した。1-ブロモ-3-ブテン (4) または 1-ブロモ-4-ペンテン (5) に炭酸セシウムを塩基
とし、ヨウ化リチウム触媒存在下、イミノジカルボン酸ジ-tert-ブチルを作用させ、N,N-di-Boc
アルケニルアミン体 6, 7 を得た 28)。 化合物 6, 7 はそれぞれ塩酸で Boc 基を脱保護し、1-
アミノ-3-ブテン (8) または 1-アミノ-4-ペンテン (9) をそれぞれ塩酸塩の粉末として得る
ことができた。次に、アリルアミン (10) 及びアルケン 8, 9 にアクリル酸エチルを共役付加 
(8, 9 の場合はトリエチルアミンを共存) させた後、アミノ基の Boc 保護を行い、エステル
化合物 11-13 とした。このエステル基の α位を LiN(TMS)2 を用いてリチウムエノラートに変
換した後、ヨウ化アリルを作用させてジエン体 14-16 を得た。このジエン 14-16 を 2 種の
Grubbs 触媒 9, 10 による閉環メタセシス化反応に付した。 詳細な結果を Table 2 に示す。 
第一世代 Grubbs 触媒 2 (10 mol%)を用いて、基質 14, 15 を無水塩化メチレン溶媒中で加熱
還流した。2 時間で環化反応は完結し、対応する７及び８員環閉環化合物 17, 18 をそれぞれ
90％収率で得ることができた。空気中でも取り扱いの容易な第二世代 Grubbs 触媒 3 を用い
ると、収率は 97-98%まで向上した。しかし、ジエン 16 を触媒 2 を用いて閉環し、9 員環β
-アミノ酸誘導体 19 を得る反応では収率が大幅に低下した。これは 16 のジエン部分が立体
的に閉環しにくい配置となることに起因すると考えられる。また、16 の反応では分子間で
メタセシス反応を起こした 2 量体とともに、8 員環β-アミノ酸誘導体 18 が約 5％副生して
くることが分かった。これはジエン 16 の閉環メタセシス反応と競争する形で 2 重結合が異
性化を起こした後、閉環メタセシス反応を起こすためであると考えられる (Scheme 3) 29)。
以上の結果より、著者はこのメタセシス反応の限界は 9 員環形成反応であることを突き止
めた。 次に、7 員環および 8 員環β-アミノ酸誘導体 17, 18 を塩酸ガスを吹き込んだ酢酸エ
チル溶液で Boc 基の脱保護を行い、β-アミノ酸エステル 20, 21 に誘導し、化合物 1 の合成
























 2 9815 183
24d316 192c
a Reaction conditions: 14-16 (1 mmol), catalyst 2 or 3 (10 mol%), 
   dry CH2Cl2 (40 ml), reflux, 2h, under N2 atmosphere.
c 20 mol% of catalyst 2 was used.
d Isolated as a mixture of 19 and 18 (19 : 18 = 4 : 1).
e 18 was isolated in 5% yield.









Scheme 2.  Reagent: (a) Cs2CO3 (2 eq) LiI (0.05 eq), 2-butanone, reflux, 61% for 6, 
97% for 7; (b) HCl, AcOEt, 95% for 8, 89% for 9; (c) ethyl acrylate, Et3N (in the cases 
of 8, 9), EtOH, rt; (d) (Boc)2O, CH2Cl2, rt, 82% for 11, 56% for 12, 40% for 13 in 2 
steps; (e) LiN(TMS)2, -78°C, THF, then allyl iodide, 67% for 14, 57% for 15, 73% for 
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Scheme 4.  Reagents and conditions: (a) 1 N aq NaOH, THF, EtOH, rt; (b) tBuCOCl, Et3N, THF, 
then (R)-4-benzyl-2-oxazolidinone, nBuLi, 60% for 25, 79% for 26 in 2 steps; (c) NaN(TMS)2 (1.1 
eqiv), THF, -78°C, then allyl iodide (3.5 eqiv) allowed to warm to 0 °C, 71% for 27, 68% for 28; (d)
medium pressure column chromatography on silica gel, 64% for 27, 57% for 28 from 25, 26; (e) 3
(10 mol%), CH2Cl2, reflux, 97% for 29, 96% for 30; (f) LiOOH, THF, 0 °C, 87% for 31, 93% for 32.
11: n = 1






23: n = 1
24: n = 2
25: n = 1
26: n = 2
27: n = 1; 87% de
28: n = 2; 89% de
27: n = 1; >99% de
28: n = 2; >99% de
29: n = 1; >99% de
30: n = 2; >99% de
31: n = 1; >98% ee





テレオ選択的アリル化反応を応用することとした 30, 31)。ここでの基質となる化合物 25, 26
の合成法を Scheme 4 に示す。エステル 11, 12 のエステル部分をアルカリ加水分解し、カル
ボン酸 23, 24 とした。この 23, 24 をそれぞれピバロイルクロリドによる混合酸無水物法に
より、カルボン酸を酸無水物とした後、(4R)-ベンジルオキサゾリジノンのリチウム塩と反
応させ、アシル体 25, 26 を得た。次に、25, 26 を-78 ℃で NaN(TMS)2 と反応させ、系中でナ
トリウムエノラートを生成させた後、同温度でヨウ化アリルを滴下し、ジアステレオ選択
的なアリル化反応を行った。その結果、25 からは 87％ de で 27 を、26 からは 89% de で
28 を得た。これらの粗生成物は中圧カラムクロマトグラフィーによりそれぞれ単一ジアス
テレオマーに精製できた。 単一ジアステレオマーの 27, 28 を、それぞれ Grubbs 第二世代
触媒 (3)を用いて閉環メタセシス化反応に付し、対応する 7 員環及び 8 員環誘導体 29, 30 を
光学純度の低減を伴うことなく好収率で得ることができた。続いて、キラル助剤であるオ
キサゾリジノン基をリチウムヒドロペルオキシドによる加水分解法により除去 32)し、7,8 員
環βアミノカルボン酸 31, 32 を 98％ ee 以上の光学純度で得ることに成功した。生成した
光学活性β-アミノ酸誘導体 31 の絶対配置は Scheme 5 に示す方法により決定した。アリル
基をジアステレオ選択的に導入したジエン体 27 (87% de)に、氷冷下でリチウムヒドロペル
オキシドを作用させ、オキサゾリジノン基を除去し、カルボン酸を得た 32)。このカルボキ
シル基をトリメチルシリルジアゾメタン 33) (TMSCHN2) と反応させ、メチルエステルとし
た後、 Boc 基をトリフルオロ酢酸 (TFA) にて脱保護し、ジアリル体 33 とした。 続いて、
33 を Pd(PPh3)4触媒存在下、N, N’-ジメチルバルビツル酸を作用させ、窒素原子に置換され
たアリル基を除去した 34)。その後、アミノ基を再度 Boc 保護し、モノアリル体 34 を得た。
最後に 34 のメチルエステルを水酸化リチウムにて加水分解し、文献既知のβ-アミノ酸誘導
体 35 に誘導した。35 の旋光度を比較することにより、35 の不斉中心は (R)配置であること








まず、プロトタイプ候補化合物 1a の合成を Scheme 6 に示す。 4-ホルミルピリジン (36) を
Horner-Emmons タイプの Wittig 反応によりα, β-不飽和エステル誘導体 37 とした後、酸化白
金触媒による常圧での水素添加反応により 2 重結合及び、ピリジン環を同時に還元した。
生成したピペリジン環上の窒素原子を Boc 基で保護し 38 とし、エチルエステルのアルカリ
加水分解を経て、39 を得た。 
5 員環β-アミノ酸誘導体 40 (市販品) を 1-(3-ジメチルアミノプロピル)-3-エチルカルボジ
イミド (EDC)、1-ヒドロキシベンゾトリアゾール (HOBT)共存下で、β-アラニンメチルエス
テルと縮合させた後、Boc 基を塩酸により脱保護し、41 へと導いた。39 と 41 を再び EDC, 
HOBT 共存下で縮合し 42 とした後、 エステル基のアルカリ加水分解、塩酸による Boc 基
の脱保護を経て、5 員環誘導体 1a へと導いた。 
次に、プロトタイプ候補化合物 1b-f の合成を行った (Scheme 7)。Scheme 2 に従い得られた






















Scheme 5. Reagents and conditions: (a) LiOOH, THF, 0 °C; 
(b) TMSCHN2, CH2Cl2, MeOH, rt; (c) TFA, CH2Cl2, rt, 32% in 3 
steps; (d) cat.Pd(PPh3)4, 3,5-dimethylbarbituric acid, CH2Cl2, rt; 
(e) (Boc)2O, 63% in 2 steps; (f) LiOH, THF, MeOH, rt, 82%; 35: 















Scheme 6. Reagents and conditions:  (a) (EtO)2POCH2CO2Et/NaH, THF, 
78%; (b)PtO2/H2, EtOH; (c) (Boc)2O, 81% in 2 steps; (d) 1 N NaOH, 91%; (e) β-AlaOMe HCl, Et3N, EDC HCl, HOBT, DMF, (f) HCl, AcOEt 99% in 2 steps; (g) 














































18: n = 2, R1, R2 = CH (HCl salt)









44: n = 0, R1, R2 = CH2
46: n = 2, R1, R2 = CH
45: n = 1, R1, R2 = CH
1b: n = 0, R1, R2 = CH2
1f: n = 2, R1, R2 = CH
1d: n = 1, R1, R2 = CH
1e: n = 2, R1, R2 = CH2
1c: n = 1, R1, R2 = CH2
Scheme 7. Reagents and conditions:  (a) 39, EDC, HOBT, Et3N, DMF, 74% for 44, 68% for 
45, 86% for 46; (b) 1 N LiOH; (c) β-AlaOMe HCl, Et3N, EDCHCl, HOBt, DMF; (d) HCl, AcOEt, 
57% for 1b, 53% for 1d, 68% for 1f in 4 steps; (e)PtO2/H2, EtOH, 86% for 1c, 89% for 1e.
e
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ステル加水分解、続いて Boc 基を塩酸により脱保護し、1b, 1d, 1f へと導いた。このうち不
飽和環状誘導体 1d, 1f については酸化白金触媒存在下、水素添加反応により 2 重結合を還元






前節で合成したプロトタイプ候補化合物 1a-f の血小板凝集抑制能は 50％血小板凝集を抑制
するときの薬剤濃度、half inhibition concentration  (IC50; M) の測定により評価した。この値
が小さければ、薬剤濃度が低濃度で薬効を示すことを意味する。すなわち、高活性を有す
る薬剤であることが分かる。測定法を Figure 11 に示す 36)。ボランティアより得られた人の
血小板を含んだ血漿成分をセルに入れ、光の透過度を測定する。このときの光の透過度を
T0 とする。次に、この血漿成分に、37 ℃にて血小板活性化アゴニストの一つである アデ




の差を∆T＝T0－T1とする。次に、血漿の入ったセル中に、測定する薬剤を種々の濃度 C  (M)
であらかじめ投入しておき、そこに ADP を上記と同濃度で注入する。この場合、薬剤が存
在するため、血小板は部分凝集抑制を起こす。そのため、光透過度は T1 と T0 の間の T2 と
いう値を得る。同様に T0－T2 の値を算出し、この値を∆T’とする。ここで算出した∆T, ∆T’





前項の評価法により算出したプロトタイプ化合物の IC50値を Table 3 に示す。β-ターンを模
した設計小分子 1a-f の IC50 は 10-6－10-7 M の値を示した。 フィブリノゲン蛋白中の





が示唆された。本研究で合成したβ-ターン擬似化合物の中で、5 員環誘導体 1a は殆ど活性
を示さず、また 7 員環不飽和誘導体 1d 及び、8 員環飽和誘導体 1e は弱い活性を示すに過ぎ
ないが、6 員環誘導体 1b、7 員環飽和誘導体 1c 及び、8 員環不飽和誘導体 1f は中程度の活
性を示す事が分かった。このなかで最も活性の強いのは 7 員環飽和誘導体 1c で、その IC50
値は 3.2 x 10-7 M であった。しかし、6 員環誘導体 1b  (5.7 x 10-7 M)、及び 8 員環不飽和誘
導体 1f  (4.6 x 10-7 M)との IC50値との差は 1.8 倍以内と、それほど乖離は見られなかった。
これら 1c、1b、及び 1f の中からで薬剤創出の基になるプロトタイプ化合物を選定するにあ
たり、この Table 3 の活性値と、原料の入手のしやすさ、合成コスト、および最終的に環上
の不斉炭素の制御も考慮した結果、基本骨格 1b をプロトタイプ化合物に選択するのが最も
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望ましいという結論に達した。なぜならば、1c、1f では、Scheme 2 及び 3 に示す多段階反









環状β-アミノ酸を有する光学活性プロトタイプ候補化合物 50 の合成を Scheme 8 に示す。
先ず、購入可能なラセミ体ニペコチン酸エチル (43)を文献記載の方法に従い、光学分割を










a Concentration required to reduce binding 







1f 4.6 x 10-7
IC50,
a M
RGD 5.0 x 10-5
Table 3.  IC50 value for platelet aggregation
inhibition of 1a-f.
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レア誘導体 48 に導いた後、そのジアステレオマー比を HPLC により測定し、>99%以上の光
学純度であることを確認した。前項 1.2.4.の Scheme 7 で述べた 1b の合成法に従い、光学的


























Scheme 8.  Reagents and conditions: (a) L-tartaric acid, recrystallization from EtOH (x 3), 
K2CO3, 20%; (b) (S)-(+)-1-(1-naphthyl)ethyl isocyanate; (c) 47, EDC, HOBT, Et3N, DMF; 
(d) 1 N LiOH, 77% in 2 steps; (e) β-AlaOMe HCl, Et3N, EDC HCl, HOBT, DMF; (f) HCl, 










上の不斉炭素が (R)配置を有する誘導体 50 の血小板凝集抑制作用はラセミ体の活性と比較
してほぼ倍増することが分かった (Table 4)。したがって 1b の光学異性体のうち (R)配置の








各種環状β-アミノ酸をグリシンに相当する位置に導入した (Figure 9)。その結果、5 員環誘
導体 1a において血小板凝集抑制活性が弱く、また 6 員環誘導体 1b、7 員環誘導体 1c、及び





フト SYBYL38)を用いて 1a-f の環状β-アミノ酸部分を重ね合わせた (Figure 12)。重ね合わせ





向が最も違っており、その他はよく似た配置に来ていることがわかる。5 員環誘導体 1a の
血小板凝集抑制活性が低いのは、この様に立体配座が他の誘導体と大きくずれたためであ
50 (R)
a Concentration required to reduce binding 








Table 4.  The comparison of IC50 value 
between 1b and 50
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ることが推察できる。また環内の 2 重結合導入によるコンフォメーションが 7 員環誘導体















1. 8. 1. General 
 
Melting points were determined with a BŰCHI 535.  Proton NMR spectra were recorded on a 
Brucker BIOSPIN AVANCE400 or DPX200.  δ Values in ppm relative to tetramethylsilane are 
given.  IR spectra were recorded with the compound (neat) on a sodium chloride disk or as KBr 
pellets or nujol suspension using HITACHI 260-10, or HORIBA FT-710.  Mass spectra were 
recorded with Hewlett Packard 1100LC/MSD.  High resolution mass spectra were recorded with 
micromass LCT.  Results of elemental analysis were recorded with PERKINELMER 2400II. 
 
1. 8. 2. Chemistry 
 
1-{N,N-di(tert-Butoxycarbonyl)amino}-3-butene (6) .27)  To a solution of Di-tert-butyl 
iminodicarboxylate (16.3 g, 75.0 mmol) in 2-butanone (163 ml) were added 4-bromo-1-butene (4) 
(15.2 g, 112.5 mmol), CsCO3 (48.9 g, 150 mmol), and LiI (0.50 g, 3.75 mmol) successively.  The 
mixture was refluxed overnight.  After cooling to room temperature, volatiles were evaporated in 
vacuo.  To the residue was added water, and extracted with EtOAc.  The organic phase was 
washed with water and brine, dried over MgSO4, filtered and evaporated in vacuo.  The residue 
was purified by column chromatography on silica gel with hexane/EtOAc (95:5) to give 6 (12.7 g, 
61%) as a colorless oil: 1H NMR (CDCl3) δ 1.51 (s, 18H), 2.27-2.38 (m, 2H), 3.59-3.67 (m, 2H), 
4.99-5.12 (m, 2H), 5.77 (ddt, J = 17.1, 10.4, 7.0 Hz, 1H); MS (ESI) m/z 294.2 (M+Na)+. 
 
1-{N,N-di(tert-Butoxycarbonyl)amino}-4-pentene (7).  This compound was prepared from 5 
using a procedure similar to that employed for the preparation of 6 (97%): IR (neat) 1749, 1699, 
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1394, 1367, 1128, 858 cm-1; 1H NMR (CDCl3) δ 1.50 (s, 18H), 1.54-1.74 (m, 2H), 2.01-2.11 (m, 
2H), 3.53-3.60 (m, 2H), 4.94-5.09 (m, 2H), 5.78 (ddt, J = 17.0, 10.4, 6.6 Hz, 1H); MS (ESI) m/z 
286.15 (M+H)+. 
 
4-Butenylamine hydrochloride (8).    To a solution of 6 (12.7 g, 46.8 mmol) in dry EtOAc was 
added 4 N HCl in EtOAc (94 ml, 374 mmol), and the resulting mixture was stirred at room 
temperature for 4 h.  The volatiles were evaporated in vacuo.  To the residue was added Et2O, 
and precipitates were collected on a glass filter, washed with Et2O, and dried in vacuo to give 8 
(4.85 g, 95%) as absorbent solid: 1H NMR (DMSO-d6) δ 2.28-2.39 (m, 2H), 2.70-2.87 (m, 2H), 
5.07-5.20 (m, 2H), 5.80 (ddt, J = 17.1, 10.5, 6.5 Hz, 1H), 8.06 (br-s, 3H). 
 
5-Pentenylamine hydrochloride (9). This compound was prepared from 7 using a procedure 
similar to that employed for the preparation of 8 (89%): 1H NMR (DMSO-d6) δ 1.58-1.73 (m, 2H), 
2.03-2.14 (m, 2H), 2.70-2.78 (m, 2H), 4.98-5.11 (m, 2H), 5.80 (ddt, J = 17.0, 10.3, 6.5 Hz, 1H), 
8.12 (br-s, 3H). 
 
Ethyl 3-[allyl(tert-butoxycarbonyl)amino]propanoate (11).  Ethyl acrylate (3.47 g, 34.6 mmol) 
was added to a solution of allyl amine (10) (1.98 g, 34.6 mmol) in EtOH (35 ml).  The mixture 
was stirred for 9.5 h at room temperature, and then evaporated in vacuo.  The residue was 
dissolved in CH2Cl2 (35 ml), and (Boc)2O (7.54 g, 34.6 mmol) was added thereto.  The mixture 
was stirred for 2 h at room temperature, and then evaporated in vacuo.  The residue was diluted 
with EtOAc, and washed successively with 10% aqueous KHSO4 solution twice, water, saturated 
aqueous NaHCO3 solution, and brine, dried over MgSO4, filtered and evaporated in vacuo.  The 
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residue was purified by column chromatography on silica gel with EtOAc/hexane (5:1) to give 11 
(7.30 g, 82%) as a colorless oil: IR (neat) 2979, 1736, 1699, 1466, 1410 cm-1; 1H NMR (CDCl3) δ 
1.26 (t, J = 7.2 Hz, 3H), 1.50 (s, 9H), 2.56 (t, J = 7.1 Hz, 2H), 3.47 (t, J = 7.1 Hz, 2H), 3.75-3.95 (m, 
2H), 4.13 (q, J = 7.2 Hz, 2H), 5.02-5.20 (m, 2H), 5.75 (ddt, J = 17.6, 9.5, 5.5 Hz, 1H); MS (ESI) 
m/z 258.12 (M+H)+. 
 
Ethyl 3-[3-buten-1-yl(tert-butoxycarbonyl)amino]propanoate (12).  This compound was 
prepared from 8 and Et3N (1.2 eq) using a procedure similar to that employed for the preparation of 
11 (56%): IR (neat) 2978, 2933, 1734, 1697, 1471, 1415, 1163 cm-1; 1H NMR (CDCl3) δ 1.26 (t, J 
= 7.2 Hz, 3H), 1.46 (s, 9H), 2.22-2.32 (m, 2H), 2.56 (t, J = 7.0 Hz, 2H), 3.27 (t, J = 6.8 Hz, 2H), 
3.46 (t, J = 7.0 Hz, 2H), 4.14 (q, J = 7.2 Hz, 2H), 5.00-5.11 (m, 2H), 5.76 (ddt, J = 17.1, 10.1, 6.9 
Hz, 1H); MS (ESI) m/z 294.2 (M+Na)+. 
 
Ethyl 3-[(tert-butoxycarbonyl)(4-penten-1-yl)amino]propanoate (13).  This compound was 
prepared from 9 and Et3N (1.2 eq) using a procedure similar to that employed for the preparation of 
11 (40%): IR (neat) 2978, 2933, 1736, 1697, 1477, 1415, 1367, 1167 cm-1; 1H NMR (CDCl3) δ 1.26 
(t, J = 7.2 Hz, 3H), 1.46 (s, 9H), 1.50-1.75 (m, 2H), 1.98-2.09 (m, 2H), 2.56 (t, J = 7.3 Hz, 2H), 
3.20 (t, J = 7.3 Hz, 2H), 3.46 (t, J = 7.2 Hz, 2H), 4.13 (q, J = 7.2 Hz, 2H), 4.95-5.08 (m, 2H), 5.81 
(ddt, J = 17.0, 10.3, 6.5 Hz, 1H); MS (ESI) m/z 308.4 (M+Na)+. 
 
Ethyl 2-{[allyl(tert-butoxycarbonyl)amino]methyl}-4-pentenoate (14).  To a solution of 11 
(3.86 g, 15.0 mmol) in THF (40 ml) was added 1N solution of LiN(TMS)2 in THF (18.0 ml, 18.0 
mmol) below –70 °C.  After stirring at –70 °C for 30 min, allyl iodide (4.8 ml, 52.5 mmol) was 
added dropwise at –70 °C.  The mixture was then stirred at 0 °C for 40 min, quenched by 
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phosphate buffer solution (pH = 7) and extracted with EtOAc.  The extract was washed with water 
and brine, dried over MgSO4, and evaporated in vacuo.  The residue was purified by column 
chromatography on silica gel with EtOAc/hexane (1:8) to give 14 (2.98 g, 67%) as a colorless oil: 
IR (neat) 2979, 1732, 1699, 1464, 1406, 1430, 1173 cm-1; 1H NMR (CDCl3) δ 1.25 (t, J = 7.1 Hz, 
3H), 1.45 (s, 9H), 2.09-2.41 (m, 2H), 2.70-3.00 (m, 1H), 3.20-3.55 (m, 1H), 3.28 (dd, J = 15.9, 5.9 
Hz, 2H), 3.68 (dd, J = 15.9, 5.9 Hz, 1H), 3.78-4.03 (m, 1H), 4.13 (q, J = 7.1 Hz, 2H), 5.00-5.14 (m, 
4H), 5.64-5.84 (m, 2H); HRMS (ESI) m/z Calcd for C16H28NO4 (M+H)+: 298.2018, found: 
298.2016. 
 
Ethyl 2-{[3-buten-1-yl(tert-butoxycarbonyl)amino]methyl}-4-pentenoate (15).  This 
compound was prepared from 12 using a procedure similar to that employed for the preparation of 
14 (57%): IR (neat) 2978, 2933, 1732, 1697, 1415, 916, 775 cm-1; 1H NMR (CDCl3) δ 1.25 (t, J = 
7.1 Hz, 3H), 1.46 (s, 9H), 2.10-2.45 (m, 4H), 2.68-3.02 (m, 1H), 3.20-3.55 (m, 4H), 4.13 (q, J = 7.1 
Hz, 2H), 5.00-5.12 (m, 4H), 5.68-5.81 (m, 2H); HRMS (ESI) m/z calcd for C17H30NO4 (M+H)+: 
312.2175, found: 312.2171. 
 
Ethyl 2-{[(tert-butoxycarbonyl)(4-penten-1-yl)amino]methyl}-4-pentenoate (16).  This 
compound was prepared from 13 using a procedure similar to that employed for the preparation of 
14 (73%): IR (neat) 2977, 2933, 1734, 1699, 1415, 1365, 1173, 914 cm-1; 1H NMR (CDCl3) δ 1.25 
(t, J = 7.1 Hz, 3H), 1.46 (s, 9H), 1.50-1.70 (m, 2H), 1.95-2.10 (m, 2H), 2.10-2.45 (m, 4H), 
2.70-2.95 (m, 1H), 2.98-3.13 (m, 1H), 3.27 (dd, J = 14.0, 8.5 Hz, 1H), 4.13 (q, J = 7.1 Hz, 2H), 




1-tert-Butyl 3-ethyl 2,3,4,7-tetrahydro-1H-azepine-1,3-dicarboxylate (17).  To a solution of 14 
(297 mg, 1.00 mmol) in anhydrous CH2Cl2 (40 ml) was added 2nd generation Grubbs’ catalyst 3 
(85 mg, 0.10 mmol).  The mixture was refluxed under N2 atmosphere for 2 h.  After cooling to 
room temperature, solvent was evaporated in vacuo.  The residue was purified by column 
chromatography on silica gel with EtOAc/hexane (5:95) to give 17 (262 mg, 97%) as an oil: IR 
(neat) 2978, 2933, 1734, 1699, 1460, 1415, 1365, 1248, 1167, 1038 cm-1; 1H NMR (CDCl3) δ 
1.22-1.29 (m, 3H), 1.47 (s, 9H), 2.38-2.55 (m, 2H), 2.88-3.00 (m, 1H), 3.52 (dd, J = 13.9, 8.8 Hz, 
1H), 3.72-4.05 (m, 3H), 4.05-4.28 (m, 3H), 5.60-5.80 (m, 2H); HRMS (ESI) m/z calcd for 
C14H23NO4Na (M+Na)+: 292.1525, found: 292.1532.  
 
1-tert-Butyl 3-ethyl 3,4,7,8-tetrahydro-1,3(2H)-azocinedicarboxylate (18).  This compound 
was prepared from 15 using a procedure similar to that employed for the preparation of 17 (98%): 
IR (neat) 2976, 2935, 1732, 1697, 1466, 1414, 1365, 1171, 931, 877, 729 cm-1; 1H NMR (CDCl3) δ 
1.20-1.32 (m, 3H), 1.46 (s, 9H), 1.95-2.22 (m, 2H), 2.22-2.45 (m, 2H), 2.60-2.83 (m, 1H), 
2.83-3.00 (m, 2H), 3.40-3.60 (m, 1H), 3.78-3.90 (m, 1H), 4.08-4.25 (m, 2H), 5.45-5.92 (m, 2H); 
HRMS (ESI) m/z calcd for C15H26NO4 (M+H)+: 284.1862, found: 284.1849. 
 
1-tert-Butyl 3-ethyl 2,3,4,7,8,9-hexahydro-1H-azonine-1,3-dicarboxylate (19).  This compound 
was prepared from 16 using a procedure similar to that employed for the preparation of 17 as a 4:1 
mixture of 19 and 18 (24%).  Analytically pure 19 was purified by preparative TLC: IR (neat) 
2970, 2925, 1732, 1701, 1483, 1169, 864 cm-1; 1H NMR (CDCl3, major rotomer) δ 1.24 (t, J = 7.1 
Hz, 3H), 1.47 (s, 9H), 1.95-2.17 (m, 2H), 2.18-2.48 (m, 2H), 2.57-2.75 (m, 2H), 2.80-2.87 (m, 1H), 
3.39-3.46 (m, 1H), 3.56 (ddd, J = 13.9, 5.9, 2.2 Hz, 1H), 3.77 (dd, J = 13.5, 5.9 Hz, 1H), 4.14 (q, J 
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= 7.1 Hz, 2H), 5.42-5.62 (m, 2H); HRMS m/z calcd for C16H28NO4 (M+H)+: 298.2018, found: 
298.2028. 
 
Ethyl 2,3,4,7-tetrahydro-1H-azepine-3-carboxylate hydrochloride (20).   17 (280 mg, 1.04 
mmol) was dissolved in EtOAc (5 ml) and 4 N HCl in EtOAc (2.5 ml, 10 mmol) was added under 
ice cooling.  The reaction mixture was stirred at room temperature for 3 h.  The volatiles were 
evaporated, and the residue was dried under vacuum to give crude 20.  This material was used for 
the next step without further purification. 
 
Ethyl 1,2,3,4,7,8-hexahydro-3-azocinecarboxylate hydrochloride (21).  This compound was 
prepared from 18 using a procedure similar to that employed for the preparation of 20.  This 
material was used for the next step without further purification. 
 
N-(tert-Butoxycarbonyl)-3-(2-propenylamino)propionic acid (23).  To a solution of 11 (4.35 g, 
76.2 mmol) in EtOH (75 ml) was added 1N aqueous NaOH solution (91 ml, 91 mmol).  After 
stirring at room temperature overnight, EtOH was evaporated off, and residual aqueous phase was 
washed with IPE.  The aqueous phase was acidified to pH 2.5 with 1N HCl solution, and extracted 
with EtOAc. The extract was dried over MgSO4, and evaporated in vacuo to give 23 (10.5 g, 73%) 
as a colorless oil: IR (neat) 2976, 2933, 2866, 1728, 1693, 1479, 1165, 926, 868, 775 cm-1; 1H 
NMR (CDCl3) δ 1.46 (s, 9H), 2.63 (t, J = 7.0 Hz, 2H), 3.48 (t, J = 7.0 Hz, 2H), 3.85 (d, J = 5.1 Hz, 
2H), 5.08-5.17 (m, 2H), 5.77 (ddt, J = 17.6, 9.6, 5.6 Hz, 1H); MS (ESI) m/z 230.15 (M+H)+. 
 
N-(tert-Butoxycarbonyl)-3-(2-butenylamino)propionic acid (24).  This compound was prepared 
from 12 using a procedure similar to that employed for the preparation of 23 (95%): 1H NMR 
 33
(CDCl3) δ 1.46 (s, 9H), 2.28 (dt, J = 7.0, 7.0 Hz, 2H), 2.63 (t, J = 7.0 Hz, 2H), 3.28 (t, J = 7.0 Hz, 
2H), 3.47 (t, J = 5.1 Hz, 2H), 5.01-5.11 (m, 2H), 5.76 (ddt, J = 17.1, 10.1, 7.0 Hz, 1H). 
 
(4R)-Benzyl-1-[N-(tert-butoxycarbonyl)-3-(2-propenylamino)propionyl]-2-oxazolidinone (25).  
To a solution of 23 (6.88 g, 30.0 mmol) in THF (70 ml) was added Et3N (5.0 ml, 36.0 mmol) and 
pivaloyl chloride (4.10 ml, 33.0 mmol) at –70 °C.  After stirring at the same temperature for 30 
min, THF (60 ml) solution of lithium (R)-4-benzyl-2-oxazolidinone (33.0 mmol), prepared from 
(R)-4-benzyl-2-oxazolidinone (5.85 g, 33.0 mmol) and n-BuLi (1.59 M in hexane, 20.8 ml, 33.0 
mmol) at -70 °C in advance, was added dropwise via syringe.  After 30 min, the mixture was 
allowed to warm to 0 °C and stirred for further 30 min by adding a saturated aqueous NH4Cl 
solution and EtOAc.  The organic layer separated was washed with water and brine, dried over 
Na2SO4, and evaporated in vacuo.  The residue was purified by column chromatography on silica 
gel with EtOAc/hexane (1: 3) to give 25 (9.60 g, 82%) as a colorless oil: IR (neat) 2978, 2931, 
1782, 1736, 1699, 1456, 1049, 761, 704 cm-1; 1H NMR (CDCl3) δ 1.45 (s, 9H), 2.76 (dd, J = 12.6, 
10.0 Hz, 1H), 3.20-3.25 (m, 2H), 3.31 (dd, J = 13.0, 3.0 Hz, 1H), 3.45-3.70 (m, 2H), 3.75-4.00 (m, 
2H), 4.10-4.26 (m, 2H), 4.55-4.75 (m, 2H), 5.05-5.25 (m, 2H), 5.80 (ddt, J = 15.8, 11.3, 5.6 Hz, 
1H), 7.19-7.39 (m, 5H); HRMS m/z calcd for C21H29N2O5 (M+H)+: 389.2063, found: 389.2067; 
[α]26D –46.2° (c 1.03, CHCl3). 
 
 (4R)-Benzyl-1-[N-(tert-butoxycarbonyl)-3-(3-butenylamino)propionyl]-2-oxazolidinone (26).  
This compound was prepared from 24 using a procedure similar to that employed for the 
preparation of 25 (83%): IR (neat) 2978, 2929, 1784, 1736, 1697, 1479, 1389, 1365, 1051, 997, 918, 
704 cm-1; 1H NMR (CDCl3) δ 1.46 (s, 9H), 2.25-2.39 (m, 1H), 2.68-2.88 (m, 1H), 3.10-3.42 (m, 
5H), 3.48-3.68 (m, 2H), 4.10-4.28 (m, 2H), 4.56-4.75 (m, 1H), 5.02-5.10 (m, 2H), 5.78 (ddt, J = 
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17.0, 9.7, 6.9 Hz, 1H), 7.20-7.36 (m, 5H); HRMS m/z calcd for C22H31N2O5 (M+H)+: 403.2253, 
found: 403.2232; [α]28D –44.2° (c1.04, CHCl3). 
  
(4R)-Benzyl-1-[N-(tert-butoxycarbonyl)-(2R)-(2-propenyl)-3-(2-propenylamino)propionyl]-2-o
xazolidinone (27).  To a solution of 25 (777 mg, 2.0 mmol) in dry THF (10 ml) was added 1N 
solution of NaN(TMS)2 in THF (2.2 ml, 2.2 mmol) dropwise below –70 °C.  After stirring at 
–78 °C for 30 min, allyl iodide (4.8 ml, 52.5 mmol) was added dropwise at –78 °C.  The mixture 
was stirred at –78 °C, and allowed to warm to 0 °C and stirred for 30 min at the same temperature, 
then quenched by phosphate buffer solution (pH = 7) and extracted with EtOAc.  The extract was 
washed with water and brine, dried over Na2SO4, and evaporated in vacuo.  The residue was 
purified by a medium-pressure silica gel column chromatography with a mixture of EtOAc/hexane 
(1:9) to give 27 (550 mg, 64%) as an amorphous solid: IR (KBr) 2978, 2931, 1782, 1697, 1616, 
1392, 1367, 1165, 762, 702 cm-1; 1H NMR (CDCl3) δ 1.46 (s, 9H), 2.20-2.35 (m, 1H), 2.35-2.62 (m, 
1H), 2.67 (dd, J = 6.7, 5.0 Hz, 1H), 3.29 (dd, J = 6.7, 1.4 Hz, 1H), 3.32-3.50 (m, 2H), 3.60-4.08 (m, 
2H), 4.08-4.45 (m, 3H), 4.63-4.66 (m, 1H), 5.06-5.14 (m, 4H), 5.73-5.86 (m, 2H), 7.21-7.35 (m, 




azolidinone (28).  This compound was prepared from 26 using a procedure similar to that 
employed for the preparation of 27 (57%): IR (KBr) 2978, 2929, 1780, 1693, 1641, 1479, 1390, 
1365, 1430, 1103, 918, 704 cm-1; 1H NMR (CDCl3) δ 1.45 (s, 9H), 2.18-2.37 (m, 3H), 2.37-2.60 (m, 
1H), 2.67 (dd, J = 6.6, 5.0 Hz, 1H), 3.05-3.55 (m, 5H), 4.15-4.20 (m, 2H), 4.15-4.45 (m, 1H), 
4.60-4.75 (m, 1H), 5.00-5.14 (m, 4H), 5.70-5.86 (m, 2H), 7.21-7.35 (m, 5H); HRMS m/z calcd for 
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C25H35N2O5 (M+H)+: 443.2546, found: 443.2546; [α]28D –69.8° (c 0.67, CHCl3). 
 
tert-Butyl (3R)-3-{[(4R)-4-benzyl-2-oxo-1,3-oxazolidin-3-yl]carbonyl}-2,3,4,7-tetrahydro-1H- 
azepine-1-carboxylate (29).  This compound was prepared from 27 using a procedure similar to 
that employed for the preparation of 17 (97%): IR (KBr) 2976, 2929, 1772, 1697, 1641, 1684, 1456, 
1365, 1051, 1020, 669 cm-1; 1H NMR (CDCl3, major rotomer) δ 1.47 (s, 9H), 2.38-2.58 (m, 2H), 
2.73-2.79 (m, 1H), 3.28 (dd, J = 13.2, 3.3 Hz, 1H), 3.65 (dd, J = 13.9, 8.0 Hz, 1H), 3.79 (dd, J = 
13.9, 6.8 Hz, 1H), 3.85-4.06 (m, 2H), 4.10-4.27 (m, 3H), 4.58-4.82 (m, 1H), 5.62-5.89 (m, 2H), 
7.20-7.36 (m, 5H); HRMS m/z calcd for C22H29N2O5 (M+H)+: 401.2076, found: 401.2094; [α]27D 
–42.0° (c 0.525, CHCl3). 
 
tert-Butyl (3R)-3-{[(4R)-4-benzyl-2-oxo-1,3-oxazolidin-3-yl]carbonyl}-1,2,3,4,7,8-hexahydro-3- 
azocine-1-carboxylate (30).  This compound was prepared from 28 using a procedure similar to 
that employed for the preparation of 17 (96%): IR (KBr) 2976, 2935, 1782, 1693, 1641, 1414, 1385, 
1211, 1167, 762, 702 cm-1; 1H NMR (CDCl3, major rotomer) δ 1.47 (s, 9H), 2.05-2.24 (m, 2H), 
2.25-2.42 (m, 2H), 2.43-2.58 (m, 1H), 2.74-2.81 (m, 1H), 3.24-3.35 (m, 2H), 3.35-3.57 (m, 1H), 
3.62 (dd, J = 14.2, 4.8 Hz, 1H), 4.10 (ddd, J = 14.2, 7.0, 3.1 Hz, 1H), 4.39 (dt, J = 15.7, 4.8 Hz, 1H), 
4.72 (ddd, J = 13.5, 7.1, 3.6 Hz, 1H), 5.55-5.62 (m, 1H), 5.96 (dt, J = 9.7, 8.2 Hz, 1H), 7.21-7.37 
(m, 5H); HRMS m/z calcd for C23H31N2O5 (M+H)+: 415.2237, found: 415.2247; [α]27D –100.4° (c 
0.705, CHCl3). 
 
(R)-N-tert-Butoxycarbonyl-2,3,4,7-tetrahydro-1H-azepine-3-carboxylic acid (31).  Into a 
solution of 29 (560 mg, 1.40 mmol) in THF (28 ml) and H2O (9 ml) was added 30% H2O2 (1.27 ml, 
11.2 mmol, 8.0 equiv) and 1 N aqueous LiOH solution (2.8 ml, 2.8 mmol, 2.0 equiv) under ice 
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cooling.  The reaction mixture was stirred at the same temperature for 30 min, then treated with 
20% aqueous Na2S2O3 solution (55 ml) and stirred for further 5 min.  It was extracted with mixed 
solvent of THF-Et2O.  The aqueous phase was acidified to pH~2 with 10% aqueous KHSO4, and 
extracted with EtOAc twice.  The extracts were combined and dried over MgSO4, filtered, and 
evaporated in vacuo.  The residue was purified by short column chromatography on silica gel with 
CH2Cl2/EtOAc (1/1) to give 31 as a solid (295 mg, 87%): IR (neat) 2978, 2933, 2866, 1734, 1697, 
1419, 1367, 1269, 1252, 1167, 891 cm-1; 1H NMR (CDCl3) δ 1.47 (s, 9H), 2.43-2.47 (m, 2H), 
2.80-3.15 (m, 1H), 3.55-4.30 (m, 4H), 5.55-5.85 (m, 2H); HRMS m/z calcd for C12H20NO4 
(M+H)+: 242.1392, found: 242.1387; [α]26D –23.2° (c 1.01, CHCl3). 
 
(R)-N-tert-Butoxycarbonyl-1,2,3,4,7,8-hexahydroazocine-3-carboxylic acid (32).  This 
compound was prepared from 30 using a procedure similar to that employed for the preparation of 
31 (93%): IR (neat) 2976, 2937, 2866, 1732, 1714, 1473, 1697, 1473, 1417,1367, 1165, 930, 719 
cm-1; 1H NMR (CDCl3) δ 1.47 (s, 9H), 2.43-2.47 (m, 2H), 2.80-3.15 (m, 1H), 3.55-4.30 (m, 4H), 
5.55-5.85 (m, 2H); HRMS m/z calcd for C13H22NO4 (M+H)+: 256.1549, found: 256.1544; [α]26D 
–104° (c 1.01, CHCl3). 
 
Methyl (R)-2-(N-allylaminomethyl)-4-pentenoate (33). 32, 33)  Into a solution of 25 (530 mg, 
1.24 mmol, 87% de) in THF (26.5 ml) and H2O (8.7 ml) was added 30% H2O2 (1.12 ml, 9.90 mmol, 
8.0 equiv) and 1 N aqueous LiOH solution (2.48 ml, 2.48 mmol, 2.0 equiv) under ice cooling.  
The reaction mixture was stirred at the same temperature for 1.5 h, then treated with 20% aqueous 
Na2S2O3 solution (55 ml) and stirred for further 5 min.  It was extracted with Et2O.  The aqueous 
phase was acidified to pH~2 with 10% aqueous KHSO4, and extracted with EtOAc.  The extracts 
was dried over MgSO4, filtered, and evaporated in vacuo.  The residue was dissolved with CH2Cl2 
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(9 ml) and MeOH (3 ml) and to this was added trimethylsilyldiazomethane in hexane (2.0 M in 
hexane, 0.75 ml, 1.5 mmol) and the mixture was stirred at room temperature for 30 min.  After the 
additions of small amount of acetic acid to quench the excess trimethylsilyldiazomethane, volatiles 
were evaporated.  The residue was added CH2Cl2 (3 ml) and TFA (1 ml), and it was stirred for 20 
min.  To the resulting solution was added with EtOAc, and washed with water three times.  The 
combined aqueous phase was adjusted to pH~9 with saturated aqueous NaHCO3, and extracted 
with EtOAc twice.  The extracts were dried over Na2SO4, filtered, and evaporated in vacuo to give 
33 (72 mg, 32%) as an oil.  This materials was immediately used to the next steps without further 
purification: 1H NMR (CDCl3) δ 2.26-2.34 (m, 1H), 2.34-2.45 (m, 1H), 2.68-2.76 (m, 1H), 
2.88-2.94 (m, 1H), 3.70 (s, 3H), 5.03-5.11 (m, 2H), 5.13 (ddd, J = 10.2, 2.9, 1.1 Hz, 1H), 5.20 (ddd, 
J = 12.2, 3.3, 1.4 Hz, 1H), 5.74 (ddt, J = 17.0, 10.2, 7.0 Hz, 1H), 5.87 (ddd, J = 17.2, 10.2, 6.0 Hz, 
1H). 
 
Methyl (R)-2-(N-tert-butoxycarbonyl-aminomethyl)-4-pentenoate (34). 34)  To a solution of 33 
(72 mg, 0.39 mmol) in CH2Cl2 (1.4 ml) were added N, N’-dimethylbarbituric acid (123 mg, 0.78 
mmol) and Pd(PPh3)4 (14 mg, 0.012 mmol) under N2 atmosphere.  The solution was stirred at 
room temperature for 2.5 h.  After adjusting the solution to pH = 9 by adding THF (5 ml) and 
saturated aqueous NaHCO3 solution, (Boc)2O (100 mg, 0.47 mmol) was added.  The solution was 
further stirred at room temperature overnight.  To the resulting mixture was added water and 
extracted with EtOAc.  The organic phase was washed with saturated aqueous NaHCO3 solution, 
10% aqueous KHSO4 solution, saturated aqueous NaHCO3 solution, and brine, dried over MgSO4, 
filtered, and evaporated in vacuo.  The residue was purified by column chromatography on silica 
gel with hexane/EtOAc (7/1) to give 34 (60 mg, 63%) as an oil: 1H NMR (CDCl3) δ 1.43 (s, 9H), 
2.24-2.36 (m, 1H), 2.37-2.43 (m, 1H), 2.66-2.76 (m, 1H), 3.21-3.28 (m, 1H), 3.34-3.44 (m, 1H), 
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4.80-4.95 (br, 1H), 5.05-5.13 (m, 2H), 5.75 (ddt, J = 17.2, 9.9, 7.0 Hz, 1H). 
 
(R)-2-(N-tert-Butoxycarbonyl-aminomethyl)-4-pentenoic acid (35).  To a solution of 34 (58 mg, 
0.24 mmol) in THF (0.6 ml) and MeOH (0.6 ml) was added 1N aqueous LiOH solution (0.50 ml, 
0.50 mmol).  After stirring overnight at room temperature, to this was added water and washed 
with Et2O.  The aqueous phase was acidified to pH 2.5 with 10% aqueous KHSO4 solution, and 
extracted with Et2O.  The extract was dried over MgSO4, and evaporated in vacuo to give 35 (45 
mg, 82%) as a colorless oil: IR (neat) 2976, 2931, 2870, 1732, 1697, 1481, 1419, 1367, 1167, 1155, 
773 cm-1; 1H NMR (acetone-d6) δ 1.41 (s, 9H), 2.26-2.41 (m, 2H), 2.68 (quintet, J = 7.0 Hz, 1H), 
3.26-3.41 (m, 2H), 5.01 (dt, J = 10.1, 1.1 Hz, 1H), 5.11 (ddd, J = 17.0, 3.4, 1.5 Hz, 1H), 5.90-6.10 
(br, 1H); [α]26D +11.0° (c 1.09, CH2Cl2). 
 
Ethyl (2E)-3-(4-pyridinyl)acrylate (37).  To a suspension of NaH (60% dispersion in mineral oil, 
39.4 g, 1.02 mol) in THF (500 ml) was added dropwise triethyl phosphonoacetate (230 g, 1.02 mol) 
in THF (500 ml) over a period of 0.5 h at 15-20 °C.  The mixture was stirred for 1 h at the same 
temperature.  To the reaction mixture was added isonicotinaldehyde (3) (100 g, 934 mmol) in THF 
(40 ml) over a period of 20 min at room temperature, and the mixture was stirred overnight at the 
same temperature.  The resulting mixture was poured into 1 N HCl and extracted with EtOAc 
twice.  The combined organic layer was washed with brine, dried over MgSO4, filtered, and 
concentrated in vacuo.  The residual solid was triturated with hexane, filtered, washed with 
hexane, dried in vacuo to give 37 (129 g, 78%) as a solid: 1H NMR (DMSO-d6) δ 1.28 (t, J = 7.1Hz, 
3H), 4.23 (q, J = 7.1Hz, 2H), 6.90 (d, J = 16.4Hz, 1H), 7.64 (d, J = 16.4Hz, 1H), 7.69 (dd, J = 7.7, 
4.5 Hz, 2H), 8.64 (dd, J = 7.7, 4.5 Hz, 2H); MS (APCI) m/z 178 (M+H)+. 
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tert-Butyl 4-(3-ethoxy-3-oxopropyl)-1-piperidinecarboxylate (38).  A solution of 37 (123 g, 747 
mmol) in EtOH (1500 ml) and 4 N HCl in 1,4-dioxane (187 ml, 748 mmol) was treated with PtO2 
(12.3 g) with bubbling H2 for 5 h at 45 °C.  After the catalyst was filtered off, the filtrate was 
concentrated in vacuo.  The residual solid was triturated with Et2O, filtered, washed with Et2O, 
dried in vacuo to give ethyl 3-(4-piperidinyl)propanoate hydrochloride (146 g, 88%) as a solid: 1H 
NMR (DMSO-d6) δ 1.18 (t, J = 7.1Hz, 3H), 1.20-1.60 (m, 5H), 1.65-1.85 (m, 2H), 2.31 (t, J = 
7.3Hz, 2H), 2.68-2.85 (m, 2H), 3.16-3.22 (m, 2H), 4.05 (q, J = 7.1Hz, 2H), 8.85-9.55 (br, 2H); MS 
(APCI) m/z 186 (M+H) +.  To a suspension of this material (50 g, 225 mmol) in CH2Cl2 (500 ml) 
were added Et3N (69 ml, 496 mmol) and (Boc)2O (59 g, 271 mmol) in CH2Cl2 (200 ml) under ice 
cooling.  The mixture was stirred for 5 h at room temperature.  To this was added water and 
extracted with CH2Cl2.  The organic layer was washed with 10% aqueous KHSO4 solution, water, 
and brine, dried over MgSO4, filtered, and concentrated in vacuo.  The residue was purified by 
column chromatography on silica gel with CHCl3/MeOH (100:1).  The eluate was concentrated in 
vacuo to give 38 (52 g, 81%) as an oil: IR (KBr) 2980, 2960, 2920, 1730, 1690, 1160 cm-1; 1H 
NMR (CDCl3) δ 1.01-1.19 (m, 2H), 1.26 (t, J = 7.1Hz, 3H), 1.39 (s, 9H), 1.41-1.72 (m, 5H), 2.32 (t, 
J = 7.6Hz, 2H), 2.61-2.72 (m, 2H), 4.04-4.18 (m, 2H), 4.13 (q, J = 7.1Hz, 2H); MS (APCI) m/z 186 
(M+H-Boc)+.   
 
3-[1-(tert-Butoxycarbonyl)-4-piperidinyl]propanoic acid (39).  To a solution of 38 (46.9 g, 
164 mmol) in THF (200 ml) and EtOH (200 ml) was added dropwise 1 N aqueous NaOH solution 
(247 ml, 247 mmol) and the mixture was stirred for 2 h at room temperature.  Volatiles were 
evaporated off, and residual aqueous solution was adjusted to pH 4 with 10% aqueous KHSO4 
solution, and extracted with EtOAc.  The organic layer was washed with water and brine, dried 
over MgSO4, filtered, and concentrated in vacuo.  The residue was triturated with the mixture of 
 40
Et2O and hexane, collected and dried in vacuo to give 39 (38.5 g, 91%) as a solid: IR (nujol) 1730, 
1660, 1260, 1160 cm-1; 1H NMR (DMSO-d6) δ 0.84-1.07 (m, 2H), 1.38 (s, 9H), 1.41-1.50 (m, 3H), 
1.55-1.65 (m, 2H), 2.22 (t, J = 7.4Hz, 2H), 2.50-2.80 (m, 2H), 3.88-3.95 (m, 2H), 12.03 (s, 1H); 
MS (APCI) m/z 158 (M+H)+. 
 
Methyl 3-[(3-pyrrolidinylcarbonyl)amino]propanoate hydrochloride (41).  To a solution of 40 
(431 mg, 2.0 mmol), β-alanine methyl ester hydrochloride (307 mg, 2.2 mmol) and HOBT (324 mg, 
2.4 mmol) in DMF (4.3 ml) were added EDC·HCl (460 mg, 2.4 mmol) and Et3N (0.34 ml, 2.4 
mmol) under ice cooling.  The reaction mixture was stirred at room temperature overnight.  To 
the resulting solution was added saturated aqueous NaHCO3 and extracted with EtOAc.  The 
organic layer was washed with water (x 3) and brine, dried over MgSO4, filtered, and concentrated 
in vacuo.  The residue was purified by column chromatography on silica gel with CHCl3/MeOH 
(100:1).  The eluate was concentrated in vacuo to give an intermediate oil (471 mg, 79%): 1H 
NMR (CDCl3) δ 1.45 (s, 9H), 2.00-2.20 (m, 2H), 2.55 (t, J = 5.9Hz, 2H), 2.72-2.90 (m, 1H), 
3.24-3.68 (m, 6H), 3.71 (s, 3H), 6.12-6.30 (br, 1H).  This intermediate (450 mg, 1.50 mmol) was 
dissolved in EtOAc (4.5 ml), and to this was added 4 N HCl in EtOAc (3.75 ml, 15.0 mmol) under 
ice cooling.  The reaction mixture was stirred at room temperature for 2 h.  The volatiles were 
evaporated, and the residue was dried under vacuum to give 41 (350 mg, 99%) as an oil.  41 was 
used for the next step without further purification. 
 
3-[({1-[3-(4-Piperidinyl)propanoyl]-3-pyrrolidinyl}carbonyl)amino]propanoic acid (1a).  To 
solutions of 39 (210 mg, 0.81 mmol), 41 (231 mg, 0.98 mmol) and HOBT (165 mg, 1.22 mol) in 
DMF (4 ml) was added EDC·HCl (234 mg, 1.22 mmol) and Et3N (0.34 ml, 2.4 mmol) under ice 
cooling.  The reaction mixture was stirred at room temperature overnight.  To the resulting 
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solution was added saturated aqueous NaHCO3 solution and extracted with EtOAc.  The organic 
layer was washed with water and brine, dried over MgSO4, filtered, and concentrated in vacuo.  
The residue was purified by column chromatography on silica gel with CHCl3/MeOH (100:1).  
The eluate was concentrated in vacuo to give the desired intermediate as a viscous oil (193 mg, 
54%): IR (KBr) 2966, 2939, 1734, 1684, 1653, 1618, 1456, 1269 cm-1; 1H NMR (CDCl3) δ 
0.98-1.22 (m, 2H), 1.45 (s, 9H), 1.52-1.78 (m, 5H), 2.02-2.40 (m, 4H), 2.48-3.02 (m, 5H), 
3.30-3.88 (m, 6H), 3.71 (s, 3H), 3.98-4.16 (m, 2H), 6.20- 6.38 (m, 1H); MS (ESI) m/z 440.4 
(M+H)+.  To a solution of this material (185 mg, 0.42 mmol) in THF (1.8 ml) and EtOH (1.8 ml) 
was added aqueous 1 N LiOH (1.47 ml, 1.47 mmol) solution under ice cooling.  The reaction 
mixture was stirred at room temperature for 1 h.  The resulting solution was washed with Et2O and 
the pH of the aqueous layer was adjusted to 3 with 10% aqueous KHSO4 solution, and extracted 
with EtOAc.  The organic layer was washed with H2O and brine, dried over MgSO4, filtered, and 
concentrated in vacuo to give crude carboxylic acid as a colorless oil.  To a solution of this 
carboxylic acid in EtOAc (1 ml) was added 4 N HCl in EtOAc (1.05 ml, 4.2 mmol) under ice 
cooling.  The reaction mixture was stirred at room temperature for 2 h.  The resulting precipitate 
was collected and dissolved in water.  The pH of the solution was adjusted to 7 with saturated 
aqueous NaHCO3 solution.  The solution was then subjected into ODS column chromatography.  
The eluate was concentrated in vacuo and lyophilized to give 1a as an amorphous solid (124 mg, 
91%): IR (KBr) 1670, 1653, 1616, 1454, 1201, 1134 cm-1; 1H NMR (D2O) δ 1.30-1.48 (m, 2H), 
1.52-1.70 (m, 3H), 1.96 (d, J = 13.7 Hz, 2H), 1.96-2.32 (m, 2H), 2.32-2.50 (m, 4H), 2.97 (dt, J = 
2.6, 12.8 Hz, 2H), 3.05-3.20 (m, 1H), 3.33-3.47 (m, 4H), 3.47-3.81 (m, 4H); HRMS (ESI) m/z calcd 
for C16H28N3O4 (M+H)+: 326.2080, found: 326.2082. 
 
Ethyl N-{3-[1-(tert-butoxycarbonyl)-4-piperidinyl]propionyl}-3-piperidinecarboxylic acid (44).  
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To a solution of 39 (2.32 g, 9.0 mmol), ethyl 3-piperidinecarboxylate (43) (1.41 g, 9.0 mmol) and 
HOBT (1.22 g, 9.0 mmol) in DMF (23 ml) was added EDC (1.73 g, 9.0 mmol) under ice cooling.  
The reaction mixture was stirred at room temperature overnight.  To the resulting solution was 
added saturated NaHCO3 followed by extraction with EtOAc.  The organic layer was washed with 
water (x 3) and brine, dried over MgSO4, filtered, and concentrated in vacuo.  The residue was 
purified by column chromatography on silica gel with acetone/CH2Cl2 (1:1).  The eluate was 
concentrated in vacuo to give 44 (2.63 g, 74%) as a viscous oil: IR (KBr) 1684, 1653, 1558, 1469, 
1458, 1201 cm-1; 1H NMR (DMSO-d6, rotomer observed) δ 0.80-1.10 (m, 2H), 1.18 (t, J = 7.1 Hz, 
3H), 1.38 (s, 9H), 1.40-1.78 (m, 7H), 1.78-2.02 (m, 1H), 2.22-2.45 (m, 3H), 2.50-2.93 (m, 3H), 
2.96-3.15 (m, 1H), 3.64-3.85 (m, 2H), 3.85-4.01 (m, 2+1/2H), 4.01-4.12 (m, 2H), 4.26-4.40 (m, 
1/2H); MS (ESI) m/z 419.4 (M+Na)+. 
 
Ethyl N-{3- [1 - (tert-butoxycarbonyl)-4-piperidinyl]propionyl}-1H-2,5,6,7-terahydroazepine 
-3-carboxylate (45).  This compound was prepared from 39 and 17 using a procedure similar to 
that employed for the preparation of 44 (68%): 1H NMR (CDCl3) δ 1.07-1.13 (m, 2H), 1.22-1.32 
(m, 3H), 1.45 (s, 9H), 1.53-1.70 (m, 6H), 2.32-2.49 (m, 4H), 2.60-2.72 (m, 2H), 2.82-3.06 (m, 1H), 
3.66-4.20 (m, 7H), 5.63-5.83 (m, 2H); MS (APCI) m/z 309 (M-Boc+H)+. 
 
Ethyl N-{3- [1 - (tert-butoxycarbonyl)-4-piperidinyl]propionyl}-3,4,7,8-tetrahydro-1-(2H)- 
azocine-3-carboxylate (46).  This compound was prepared from 39 and 18 using a procedure 
similar to that employed for the preparation of 44 (86%): This material was used for the next step 
without further purification. 
 
3-[({1-[3-(4-Piperidinyl)propanoyl]-3-piperidinyl}carbonyl)amino]propanoic acid (1b).  To a 
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solution of 44 (2.58 g, 6.48 mmol) in THF (26 ml) and EtOH (26 ml) was added dropwise 3.0 M 
aqueous NaOH solution (6.48 ml, 19.4 mmol) under ice cooling and the mixture was stirred for 1 h 
at room temperature.  The resulting solution was adjusted to pH 3 with 10% aqueous KHSO4 
solution, and extracted with EtOAc.  The organic layer was washed with water and brine, dried 
over MgSO4, filtered, and concentrated in vacuo.  The residue was triturated with hexane, 
collected, and dried in vacuo to give carboxylic acid intermediate (2.31 g, 97%) as an amorphous 
solid: IR (KBr) 2931, 2862, 1732, 1716, 1697, 1686, 1456, 1279, 1248, cm-1; 1H NMR (DMSO-d6, 
rotomer observed) δ 0.82-1.12 (m, 2H), 1.38 (s, 9H), 1.38-1.79 (m, 8H), 1.80-2.02 (m, 1H), 
2.13-2.48 (m, 3H), 2.50-2.80 (m, 3H), 2.88-3.08 (m, 1H), 3.64-4.01 (m, 3+1/2H), 4.30-4.44 (m, 
1/2H), 11.75-12.82 (br, 1H); MS (ESI) m/z 391.3 (M+Na)+.  To a solution of this material (2.21 g, 
6.0 mmol), β-alanine methyl ester hydrochloride (837 mg, 6.0 mmol) and HOBT (811 mg, 6.0 
mmol) in DMF (22 ml) were added EDC·HCl (1.15 g, 6.0 mmol) and Et3N (0.86 ml, 6.0 mmol) 
under ice cooling.  The reaction mixture was stirred at room temperature overnight.  To the 
resulting solution was added saturated NaHCO3 and extracted with EtOAc.  The organic layer was 
washed with water and brine, dried over MgSO4, filtered, and concentrated in vacuo.  The residue 
was purified by column chromatography on silica gel with CH2Cl2/acetone (3:1).  The eluate was 
concentrated in vacuo to give the desired intermediate as an oil (2.07 g, 76%): IR (neat) 2933, 2861, 
1734, 1697, 1684, 1653, 1541, 1363, 1167, 970, 860 cm-1; 1H NMR (DMSO-d6) δ 0.82-1.12 (m, 
2H), 1.15-1.80 (m, 9H), 1.38 (s, 9H), 2.02-2.38 (m, 3H), 2.38-2.78 (m, 5H), 2.82-3.18 (m, 1H), 
3.18-3.41 (m, 2H), 3.59 (s, 3H), 3.66-4.02 (m, 3H), 4.10-4.42 (m, 1H), 7.92-8.08 (m, 1H); MS 
(ESI) m/z 476.4 (M+Na)+.  To a solution of this material (2.03 g, 4.48 mmol) in THF (5 ml) and 
MeOH (10 ml) was added LiOH (56 mg, 13.4 mmol) solution in H2O (10 ml) under ice cooling.  
The reaction mixture was stirred at room temperature for 1 h.  The resulting solution was washed 
with Et2O.  The pH of the aqueous layer was adjusted to 3 with 10% aqueous KHSO4 solution, 
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and extracted with EtOAc.  The organic layer was washed with H2O and brine, dried over MgSO4, 
filtered, and concentrated in vacuo to give the carboxylic acid intermediate (1.62 g, 82%) as an oil: 
IR (neat) 1720, 1610, 1430, 1160 cm-1; 1H NMR (DMSO-d6) δ 0.84-1.09 (m, 2H), 1.32-1.83 (m, 
9H), 1.38 (s, 9H), 2.26-2.40 (m, 5H), 2.55-2.75 (m, 3H), 2.84-3.27 (m, 4H), 3.71-3.98 (m, 3H), 
4.11-4.38 (m, 1H), 7.90-8.02 (m, 1H); MS (APCI) m/z 440 (M+H)+.  To a solution of this 
carboxylic acid (1.58 g, 3.59 mmol) in EtOAc (16 ml) was added 4 N HCl in EtOAc (13.5 ml, 54.0 
mmol) under ice cooling.  The reaction mixture was stirred at room temperature for 2 h.  The 
resulting precipitate was collected, washed with Et2O, and dried under vacuum to give 1b as a 
white solid (1.27 g, 94%): IR (KBr) 1687, 1684, 1647, 1456, 1201, 1132 cm-1; 1H NMR 
(DMSO-d6) δ 1.21-1.65 (m, 7H), 1.62-1.83 (m, 3H), 2.29-2.41 (m, 4H), 2.56-3.07 (m, 4H), 
3.15-3.30 (m, 4H), 3.70-3.85 (m, 1H), 4.13-4.38 (m, 4H), 7.97-8.14 (m, 1H), 8.65-9.00 (br, 1H), 
9.00- 9.25 (br, 1H); HRMS (ESI) m/z calcd for C16H28N3O4 (M+H)+: 340.2236, found: 340.2226. 
 
3-[({1-[3-(4-Piperidinyl)propanoyl]-2,3,4,7-tetrahydro-1H-azepin-3-yl}carbonyl)amino]propa
noic acid (1d).  This compound was prepared from 45 using a procedure similar to that employed 
for the preparation of 1b (53%): IR (KBr) 1630, 1568, 1466, 1402 cm-1; 1H NMR (D2O) δ 
1.36-1.61 (m, 5H), 1.94-2.01 (m, 2H), 2.36-2.54 (m, 6H), 2.91-3.04 (m, 3H), 3.37-3.47 (m, 4H), 
3.79-3.88 (m, 2H), 4.02-4.23 (m, 2H), 5.64-5.70 (m, 1H), 5.72-5.93 (m, 2H); HRMS (ESI) m/z 
calcd for C18H30N3O4 (M+H)+: 352.2236, found: 352.2231. 
 
3-[({1-[3-(4-Piperidinyl)propanoyl]-1,2,3,4,7,8-hexahydro-3-azocinyl}carbonyl)amino]propan
oic acid (1f).  This compound was prepared from 46 using a procedure similar to that employed 
for the preparation of 1b (68%): IR (KBr) 1653, 1645, 1558, 1387, 1238, 1213 cm-1; 1H NMR 
(D2O) δ 1.36-1.62 (m, 5H), 1.93-2.01 (m, 2H), 2.24-2.46 (m, 8H), 2.92-3.46 (m, 9H), 3.79-4.23 (m, 
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(1c).  A mixture of 1d (70 mg, 0.20 mmol) and PtO2 (10 mg) in MeOH (5 ml) was hydrogenated 
under H2 atmosphere (1 atm) at room temperature for 8 h.  The catalyst was removed by filtration, 
and the filtrate was evaporated in vacuo.  The residue was purified by Daisogel SP-1200® (Daiso) 
reversed phase chromatography eluting with a mixture of CH3CN/water (1:10).  The fractions 
containing a product were concentrated in vacuo and lyophilized to give 1c (61 mg, 86%) as a 
white powder: IR (KBr) 1635, 1624, 1541, 1466, 1398 cm-1; 1H NMR (D2O) δ 1.37-2.01 (m, 13H), 
2.36-2.64 (m, 5H), 2.93-3.05 (m, 2H), 3.21-3.94 (m, 8H); HRMS (ESI) m/z calcd for C18H32N3O4 
(M+H)+: 354.2393, found: 354.2396. 
 
3-[({1-[3-(4-piperidinyl)propanoyl]octahydro-3-azocinyl}carbonyl)amino]propanoic acid (1e). 
This compound was prepared from 1f using a procedure similar to that employed for the 
preparation of 1c (89%): IR (KBr) 1645, 1635, 1626, 1558, 1456, 1396 cm-1; 1H NMR (D2O) δ 
1.38-2.05 (m, 15H), 2.36-2.50 (m, 4H), 2.92-3.05 (m, 3H), 3.29-3.47 (m, 6H), 3.71-3.83 (m, 2H); 
HRMS (ESI) m/z calcd for C16H34N3O4 (M+H)+: 368.2549, found: 368.2554. 
 
Ethyl (R)-piperidine-3-carboxylate (47).  To a solution of ethyl piperidine-3-carboxylate (43) 
(1000 g, 6.36 mmol) in EtOH (25 L) was added L-tartaric acid (954 g, 6.36 mol) and the resulting 
solution was stored at room temperature overnight.  The resulting precipitate was collected on a 
Büchner funnel and washed with EtOH, and dried.  The crude crystal was recrystallized from 
EtOH for three times.  The resulting crystal was treated with saturated K2CO3 solution and 
 46
extracted with EtOAc (x 3).  The combined organic phase was dried over Na2SO4, filtered, and 
evaporated in vacuo.  The residual oil was distilled under the reduced pressure to give 
enantiomaercally pure 47 (200 g, 20% recovery): bp 63 °C/3 mmHg; IR (nujol) 1710, 1620, 1450 
cm-1; 1H NMR (CDCl3) δ 1.26 (t, J = 7.1 Hz, 3H), 1.30-1.80 (m, 3H), 1.90-2.04 (m, 1H), 2.38-2.48 
(m, 1H), 2.58-2.70 (m, 1H), 2.81 (dd, J = 12.4, 9.2 Hz, 1H), 2.89-2.97 (m, 1H), 3.17 (dd, J = 12.4, 
3.7 Hz, 1H), 4.13 (q, J = 7.1 Hz, 1H). 
 
(R)-1-[3-(1-tert-Butoxycarbonyl-4-piperidyl)propionyl]-3-piperidinecarboxylic acid (49).  To 
a solution of 39 (3.04 g, 11.8 mmol), 47 (1.86 g, 11.8 mmol) and HOBT (1.60 g, 11.8 mmol) in 
DMF (20 ml) was added EDC (2.16 ml, 11.8 mmol) under stirring at 0 °C.  After stirring at 
ambient temperature overnight, the mixture was poured into water and extracted with EtOAc.  The 
extract was washed with water, brine, dried over MgSO4, and evaporated in vacuo.  The residue 
was purified by chromatography on silica gel with CHCl3/MeOH (100:1) to give the intermediate 
(4.01 g, 86%) as an oil: IR (neat) 2960, 2900, 2840, 1710, 1665, 1630 cm-1; 1H NMR (CDCl3, 
rotomer observed) δ 1.00-1.20 (m, 1H), 1.28 (t, J = 7.1 Hz, 3H), 1.45 (s, 9H), 1.48-1.88 (m, 9H), 
1.98-2.15 (m, 1H), 2.31-2.51 (m, 3H), 2.62-3.12 (m, 4H), 3.35-3.47 (m, 1/2H), 3.65-3.85 (m, 1H), 
4.00-4.22 (m, 4H), 4.56-4.69 (m, 1/2H); MS (APCI) m/z 397 (M+H)+.  A solution of this 
intermediate (3.99 g, 10.1 mmol) in a mixture of EtOH (10 ml), THF (10 ml), and water (10 ml) 
was added LiOH (1.27 g, 30.2 mmol) under stirring at 0 °C.  After stirring at room temperature 
for 1 h, the mixture was acidified with aqueous 5% KHSO4 solution and extracted with EtOAc.  
The extract was washed with water, and brine, dried over MgSO4, and evaporated in vacuo to give 
49 (3.34 g, 90%) as a white solid: mp 102-104°C; IR (nujol) 1720, 1680, 1630 cm-1; 1H NMR 
(DMSO-d6) δ 0.84-1.10 (m, 2H), 1.38-1.76 (m, 8H), 1.38 (s, 9H), 1.82-2.01 (m, 1H), 2.20-2.45 (m, 
3H), 2.59-2.76 (m, 2H), 2.89-3.09 (m, 1H), 3.28-3.40 (m, 1H), 3.69-3.98 and 4.31-4.44 (total 4H, 
 47
m); MS (APCI) m/z 269 (M-Boc+H)+; Anal. Calcd for C19H32N2O5: C, 61.93; H, 8.75; N, 7.60.  
Found: C, 62.04; H, 8.94; N, 7.64; [α]26D –33.9° (c 1.00, MeOH). 
 
(R)-3-[({1-[3-(4-Piperidinyl)propanoyl]-3-piperidinyl}carbonyl)amino]propanoic acid (50).  
This compound was prepared from 49 and β-alanine ethyl ester using a procedure similar to that 
employed for the preparation of 1b (89%) as hydrochloride salt: IR (nujol) 2920, 1715 cm-1; 1H 
NMR (DMSO-d6) δ 1.21-1.65 (m, 7H), 1.62-1.83 (m, 3H), 2.29-2.41 (m, 4H), 2.56-3.07 (m, 4H), 
3.15-3.26 (m, 4H), 3.70-3.85 (m, 1H), 4.13-4.37 (m, 4H), 7.97-8.10 (m, 1H), 8.60-8.76 (br, 1H), 
8.91- 9.03 (br, 1H); MS (APCI) m/z 340 (M+H)+; HRMS (ESI) m/z Calcd for C17H30N3O4 (M+H)+: 
340.2236, found: 340.2227; [α]25D –24.3° (c 1.00, MeOH). 
  
1.8.3.  Platelet aggregation study36) 
 
Platelet aggregation assays were performed using NBS HEMA TRACER 801, an 8 channel 
aggregometer (Nikobioscience, Tokyo, Japan).  Light transmittance of platelet poor plasma (PPP) 
was calibrated as 100%.  Platelet rich plasma (PRP) was incubated for 2 min in the aggregometer 
at 37°C.  ADP (2.5 µM for humans and 20 - 40 µM for dogs) was added as an agonist at which the 
full response of platelet aggregation was obtained, and the change in light transmittance was 
monitored with a PL500 recorder (Yokogawa, Japan).  Percent inhibition of aggregation in the 

























したフィブリノゲンとは別の血漿蛋白であるフォンビルブランド因子 (vonWillBrand Factor, 









できる。この IC50値を本章では IC50A とする。それに対し、血小板の血管壁への粘着阻害作
用の評価法は GPIIb/IIIa と vWF との結合を 50％阻止する時の薬剤濃度 (IC50)で測定できる。






まず、プロトタイプ化合物 50 の安全性プロファイルを検証した。結果を Table 5 に示す。比
較対照のため、メルク社が開発上市した同じ作用メカニズムを持つ Tirofiban22)も同じアッセ
 50
イに処した。その結果、50 の主作用である血小板凝集抑制作用 IC50A 値は 241 nM と対照剤
Tirofiban の 5 倍以下の活性を示すに過ぎなかった。しかしながら、vWF との結合阻害濃度
作用発現濃度 IC50B 値が 335 nM と Tirofiban の 50 倍も弱い値を示した。その結果、50 の主
作用/副作用発現濃度の比 IC50B/IC50A 値は 1.39 と、Tirofiban と比べ 10 倍近く高く、十分安
全性の高い薬剤と十分なり得る要素を持つプロトタイプ化合物であることが判明した。そ
こで、著者は主作用 IC50A 値を向上させつつ IC50B/IC50A を更に向上させれば、先行化合物
とは明らかに差別化できる安全性の高い薬剤を創出できることを確信し、プロトタイプ化





















Table 5.  the verification of safety margin for the prototype 50







      ratio
(IC50B)/(IC50A)
b Concentration required to inhibit vWF mediated human platelet adhesion by 50%.
a Concentration required to reduce binding ADP-induced human platelet aggregation response by 50%
 51
めとするこれまでの研究報告例 21, 22)から、カルボン酸α位を修飾する事により、その薬理
活性を向上できると推測された。従って、プロトタイプ化合物 50 のカルボン酸 α 位にアミ
ド置換基を導入すれば、GPIIb/IIIa 側との親和性が向上し、活性の向上が図れるのではない




カルボン酸の α位にベンゼン環を有する誘導体 52 は、Scheme 9 に従い、β-アミノ酸誘導
体 51 を 49 と縮合させた後、脱保護を行い、合成した。カルボン酸の α位にアミド基を有
する誘導体 61a-j の合成は、Scheme 10 に示す方法により行った。アミノ基をベンジルオキ
シカルボニル基 (Cbz) で保護した L-または D-アスパラギン 53, 54 を出発原料とし、ヨウド
ベンゼンジアセテートをヨウ素カチオン源としたホフマン転位反応を行い 40)、続いてカル
ボン酸をメチルエステル化し、β-アミノ酸誘導体 55, 56 へと導いた。これらを EDC, HOBT
存在下で前章の方法で合成したカルボン酸 39 と縮合させ、57, 58 に誘導した。次に、Cbz
基の水素接触還元による脱保護、水酸化リチウムによるエステル加水分解を経て、α-アミノ
酸誘導体 59, 60 を得た。これらのアミノ基を Table 6 に示す様な各種酸クロライド、または
酸無水物によりアシル化した後、Boc 基の塩酸による脱保護を行い、目的物 61a-j へと誘導
した。この合成方法ではカルボン酸 α位不斉炭素のエピメリ化は殆ど起こっていないこと
を HPLC により確認している。 
 












Scheme 9.  Reagents and conditions:  (a) EDC, HOBT, Et3N, DMF, ; (b) 1 N LiOH; (c) 







また、G’Part に 7 員環構造を有する誘導体の合成を行った (Scheme 11)。第一章にて合成し
た (R) 配置を有する 7 員環光学活性アミノ酸誘導体 31 と 55 を縮合し、62 とした。62 の
Boc 基を脱保護、39 と縮合、続いて Pd-C 触媒による水素還元にて、ベンジルオキシカルボ
ニル基の除去、及び二重結合の還元を行った。その後 Scheme 10 の方法と同様の方法で、無
53(S)
HCl
Scheme 10.  Reagents and conditions: (a) PhI(OAc)2;(b) SOCl2, MeOH; 81% for 55, 90% for 56 in 2 steps;(c)  39,
EDC, HOBT, DMF, 93% for 57, 96% for 58; (d) Pd-C/H2, EtOH; (e) LiOH; 97% for 59, 95% for 60 in 2 steps; 

















59; R = (S)-NH2
60; R = (R)-NH2
d, e
57; R = (S)-NHCbz

























Compd R Stereo Yield,%a



























Table 6.  Acylating reagents and product yields
a isolated yields from 59 or 60 b isolated as HCl salt
61j
 53




得られたプロトタイプ変換化合物の IC50A 及び、IC50B を測定し、IC50B/ IC50A の値を測定し
た。結果を Table 7 に示す。プロトタイプ化合物 50 のカルボン酸の α位にフェニル基を導




できる。しかし、この位置にアミノ基を導入した 61a は IC50A が 272 nM と、プロトタイプ
化合物 50 よりも減弱する結果となった。しかしながら、IC50B 値が 2140 nM とそれ以上に
減弱しており、IC50B/ IC50A の値はプロトタイプ化合物 50 を上回る 7.87 という非常に高い
安全係数を示すことが分かった。このアミノ基に各種のアシル化を施し、中性置換基であ
るアミド誘導体へと導いた。それらの活性を測定した結果、芳香族アミド置換基をアシル
化した誘導体 61b-d では、IC50A は飛躍的に向上することが判明した。しかしながら、IC50B
HCl
Scheme 11.  Reagents and conditions: (a) EDC, HOBT, DMF; (b) HCl, 


























の値も並行して向上し、結果として IC50B/ IC50A の値は小さくなった。アシル基の芳香環上






の結果、最も単純な構造であるアセトアミド基を導入した誘導体 61e は、IC50A が 53 nM と
非常に強い値を示し、IC50B 値も 289 nM と非常に弱い値に留まった。その結果、安全性の
指標である IC50B/ IC50A 値は 5.45 と非常に高い値を示すことを見出した。61e のエピマーで
ある 61f はやや IC50A が減弱する傾向にあり、この場合は (R), (S)体間での活性に若干の差



















































Table 7.  The structure-activity relationships and the investigation of safety margin.
b Concentration required to inhibit vWF mediated  human platelet adhesion by 50%.













NHAc 44    -(S)61kc
c G' part is 7membered ring structure
NT
 55
上するものの、 IC50B 値も向上し、その結果 IC50B/ IC50A 値は 61e ほど向上しない結果とな
った。これに対し環状構造を有し嵩高さをやや向上させたシクロヘキシル誘導体 61h では
IC50B 値は、やや減弱した。この知見を基に、より嵩高い tert-ブチルアミド基を導入した 61i, 
j を評価した。その結果、 (R)配置を有する 61j が高い IC50A 値 37 nM を示し、かつ IC50B/ 
IC50A 値は 2.54 と低い値を示すことが分かった。また興味深い結果として、カルボン酸α位
の立体異性体と活性との関係を tert-ブチルアミド誘導体 61i, j とアセトアミド誘導体 61e, 
61f の IC50A 値を元に精査した。その結果、tert-ブチルアミド誘導体エピマー 61i, j では カ
ルボン酸α位が (R) 配置の 61j が高活性であるのに対し、アセトアミド誘導体エピマー 61e, 
61f では (S) 配置の 61e が高活性であるといった逆転現象が見られており、tert-ブチル基ほ
どの立体的に嵩高い置換基を有する 61i, j では GPIIb/IIIa との何らかの立体的な障害が起こ
っているものと考えられる。また、G’部分に 7 員環β-アミノ酸を導入し、カルボン酸α位
に 61e と同じアセトアミド基を導入した 61k は、予期した通り、IC50 = 42 nM と非常に高い
血小板凝集抑制作用を示した。しかしながら 61e と比較して明確な活性の差は見られなかっ
たため、更なる検討は中止した。上に述べた in vitro (生体外)試験の結果より、カルボン酸









前項の in vitro (生体外) 試験で良好なプロファイルを示した２化合物 61e, 61j を用いて、イ
ヌでの血小板凝集抑制作用と出血時間延長作用との乖離度を測定し、生体内での有効性と
安全性を確認する in vivo  (生体内)実験を行った。実験方法は以下の通りである。まず、成
犬ビーグルに薬剤を投与せずに 30 分間隔で 6 回、上顎部に一定の長さ、深さでメスを入れ
 56
た。各回メスを入れた後 1 分ごとにろ紙を傷口に付け、血がろ紙に付着しなくなるまでの
時間を測定し、その時間を出血時間とした。次に、様々な投与量の薬剤 61e または 61j を静
脈注射し、同時に薬剤の血中濃度を維持するため、同薬剤の点滴投与も並行した。先程と









血小板凝集を抑制する時の薬剤濃度（本章では (C) ng/ml とする）を算出した。この実験で





前項で行った犬での実験結果を Table 8 に示す。イヌ血小板の 50％凝集抑制時の血漿中濃度 
(C)は、化合物 61e では 46 ng/ml であり、化合物 61j では 31 ng/ml であった。対照薬剤の
Tirofiban の値は、57 ng/ml であったことより、著者の合成した 2 つの化合物は、主作用の点
では Tirofiban とほぼ同等の活性を生体内で示すことが分かった。これに対し、2.5 倍出血時
間延長時薬剤濃度 (D)は、化合物 2 では 770 ng/ml と非常に高い濃度を示したのに対し、化
合物 35i では 244 ng/ml と中程度の値を示し、対照薬である Tirofiban の (D)は 148 ng/ml で、
低い薬剤血中濃度の段階から出血傾向を示すことが分かった。また実験によって得られた
これら 2 つの値 (C),  (D)の比 (D)/(C) を計算し、主作用と副作用の乖離度をそれぞれ算出
した。(D)/(C)値が大きいほど、主作用と副作用の乖離度が大きく安全性の高い薬剤とみな
すことができる。結果、化合物 61e では、この値は 17 であった。対照薬である Tirofiban の
値 3.0 と比較すると、6 倍近くの安全性を確保できたことが分かった。化合物 61j も 7.8 と
Tirofiban より約 2.6 倍安全性が向上したことが判明したが、化合物 61e の安全性には及ばな
かった。この in vivo での試験結果は、前項で行った in vitro 試験の結果 (Table 7)と同様な傾











a Concentration required to reduce binding ADP induced dog's platelet 
aggregation response by 50%
bPlasma concentration of drugs in dog when bleeding time was 2.5 fold 
prolonging
Table 8.  The prolonging of the bleeding time and the inhibition of              
the platelet aggregation in dog

















粘着 (二次凝集) は、その血小板上にある GPII/IIIa の活性化メカニズムが違うため、それぞ
れの場合で活性化されたGPIIb/IIIaの活性化コンフォメーションが異なるのではないかと推
察できる。このことを模式的にFigure 15に示した。一次凝集で活性化された場合のGPIIb/IIIa
の活性中心には化合物 61e との相互作用が弱く、そのため、vWF との結合は阻害されない。
それに対し、61e は二次凝集で活性化された GPIIb/IIIa の活性中心との親和性が高く、フィ
 59
ブリノゲンとの結合を充分阻害できるため、血小板凝集を抑えることができる。従って、


















propanoic acid hydrochloride (52).  This compound was prepared from 49 and 51 using a 
similar procedure to that employed for the preparation of 1b (100%): IR (nujol) 1724, 1635, 1616 
cm-1; 1H NMR (DMSO-d6) δ 1.05-1.85 (m, 11H), 2.02-2.60 (m, 4H), 2.60-3.06 (m, 3 H), 3.10-3.27 
(m, 2H), 3.33-3.68 (m, 3H), 3.70-3.90 (m, 2H), 4.10-4.40 (m, 1H), 7.18-7.40 (m, 5H), 7.95-8.20 (m, 
1H), 8.60-9.20 (m, 2H); HRMS (ESI) m/z Calcd for C23H34N3O4 (M+H)+: 416.2549, found: 
416.2535. 
 
Methyl (2R)-3-amino-2-{[(benzyloxy)carbonyl]amino}propanoate hydrochloride (56).  To a 
stirred solution of iodobenzene diacetate (7.26 g, 22.5 mmol) in a mixture of EtOAc (44 ml), 
MeCN (44 ml) and water (22 ml) was added N-carbobenzoyl-D-asparagine (54) (5.0 g, 18.8 mmol) 
at ambient temperature.  After stirred for 3 h, the reaction mixture was cooled to 5 °C, followed by 
stirring for 2 h.  Insoluble material was collected by filtration, washed with EtOAc, and dried 
under reduced pressure to give (2R)-3-amino-2-{[(benzyloxy)carbonyl]amino}propanoic acid (4.15 
g, 93%) as a white solid: IR (KBr) 3303, 3028, 2949, 1693, 1657, 1624, 1593, 1543 cm-1 ; 1H NMR 
(D2O-TFA) δ 3.35 (dd, J = 13.4, 8.7 Hz, 1H), 3.57 (dd, J = 13.4, 5.3 Hz, 1H), 4.57 (dd, J = 8.7, 5.3 
Hz, 1H), 5.16 (s, 2H), 7.43 (s, 5H); MS (APCI) m/z 239 (M+H)+; mp 238 °C (dec.); [α]31D +8.6° 
(c1.0, 1N NaOH aq).  SOCl2 (3.22 ml, 44.1 mmol) was added dropwise to MeOH (25 ml) at 4 °C 
under a nitrogen atmosphere.  After stirred for 30 min, to the reaction mixture was added the 
material obtained above (3.00 g, 12.6 mmol), followed by warming to the ambient temperature and 
 61
stirring was continued overnight.  The insoluble material was collected by filtration, washed with 
IPE, and dried under a reduced pressure to give 56 (3.15 g, 87%) as a white solid: IR (KBr) 1734, 
1695, 1595, 1537 cm-1; 1H NMR (DMSO-d6) δ 3.06 (dd, J = 13.1, 9.2 Hz, 1H), 3.22 (dd, J = 13.1, 
4.8 Hz, 1H), 3.68 (s, 3H), 4.38-4.49 (m, 1H), 5.07 (s, 2H), 7.37 (s, 5H), 7.92 (d, J = 8.2 Hz, 1H), 
8.20 (br-s, 3H); MS (APCI) m/z 253 (M+H)+; mp 166.0-166.5 °C; [α]30D +39.2° (c 1.0, MeOH). 
 
Methyl (2S)-3-amino-2-{[(benzyloxy)carbonyl]amino}propanoate hydrochloride (55). This 
compound was prepared from 53 using a similar procedure to that employed for the preparation of 
56 (90%): IR (KBr) 1734, 1691, 1598, 1541 cm-1; 1H NMR (DMSO-d6) δ 3.06 (dd, J = 13.1, 9.2 
Hz, 1H), 3.22 (dd, J = 13.1, 4.8 Hz, 1H), 3.68 (s, 3H), 4.38-4.49 (m, 1H), 5.07 (s, 2H), 7.37 (s, 5H), 




amino] carbonyl}-1-piperidinyl)-3-oxopropyl]-1-piperidinecarboxylate (57).  To a solution of 
39 (20.0 g, 54.3 mmol), 55 (17.2 g, 59.7 mmol) and HOBT (5.07 g, 59.7 mmol) in DMF (10 ml) 
was added EDC (10.9 ml, 59.7 mmol) dropwise under ice cooling.  The reaction mixture was 
stirred at 4 °C overnight.  To the resulting solution was added water followed by extraction with 
EtOAc twice.  The organic layer was washed with saturated aqueous NaHCO3 solution, water and 
brine, dried over MgSO4, filtered, and concentrated in vacuo.  The residue was purified by column 
chromatography on silica gel with EtOAc/hexane (1:1) to give 57 (30.5 g, 93%) as a colorless oil: 
IR (neat) 3307, 2974, 2933, 2855, 1724, 1689, 1535, 1434 cm-1; 1H NMR (CDCl3) δ 0.95-1.15 (m, 
2H), 1.20-1.80 (m, 9H), 1.46 (s, 9H), 2.15-2.50 (m, 4H), 2.56-2.67 (m, 2H), 3.15-3.45 (m, 3H), 
 62
3.45-3.75 (m, 2H), 3.69 (s, 3H), 3.95-4.20 (m, 4H), 4.25-4.55 (m, 1H), 5.12 (s, 2H), 6.41 (d, J = 8.8 
Hz, 3H), 7.25-7.45 (m, 5H); MS (APCI) m/z 503 (M-Boc+H)+. 
 
tert-Butyl 4-[3-((3R)-3-{[((2R)-2-{[(benzyloxy)carbonyl]amino}-3-methoxy-3-oxopropyl) 
amino]carbonyl}-1-piperidinyl)-3-oxopropyl]-1-piperidinecarboxylate (58).  This compound 
was prepared from 39 and 58 using a similar procedure to that employed for the preparation of 57 
(96%): IR (neat) 3309, 2974, 2935, 2860, 1726, 1689, 1535, 1435 cm-1; 1H NMR (DMSO-d6) δ 
0.80-1.15 (m, 2H), 1.15-1.90 (m, 9H), 1.38 (s, 9H), 2.00-2.80 (m, 6H), 2.80-4.00 (m, 6H), 3.61 (s, 
3H), 4.10-4.45 (m, 2H), 5.04 (s, 2H), 7.36 (s, 5H), 7.64 (d, J = 8.1 Hz, 1H), 7.95-8.15 (m, 1H); 
MS (ESI) m/z 625.3 (M+Na)+. 
 
(2S)-2-Amino-3-{[((3R)-1-{3-[1-(tert-butoxycarbonyl)-4-piperidinyl]propanoyl}-3-piperidinyl)
carbonyl]amino}propanoic acid (59).  To a solution of 57 (9.70 g, 16.1 mmol) in MeOH (200 
ml) was added 10% palladium on charcoal (1.94 g).  The reaction mixture was stirred under H2 
atmosphere at room temperature for 3 h.  The catalyst was filtered off and washed with MeOH.  
The filtrate was concentrated in vacuo.  The residue was dissolved with THF (100 ml).  To this 
was added 1 N aqueous LiOH solution (48.3 ml, 48.3 mmol) dropwise under ice cooling and stirred 
for further 0.5 h at 5 °C.  The pH of the resulting solution was adjusted to 7 with 20% aqueous 
solution of KHSO4, and evaporated under vacuum to remove THF.  The residual aqueous solution 
was purified by ODS column chromatography.  The eluate was concentrated in vacuo and 
lyophilized to give 59 (7.08 g, 97%) as an amorphous solid: IR (KBr) 1691, 1649, 1427, 1244, 
1165 cm-1; 1H NMR (D2O) δ 0.90-1.22 (m, 3H), 1.45 (s, 9H), 1.48-1.60 (m, 2H), 1.61-1.80 (m, 4H), 
1.80-2.10 (m, 1H), 2.35-2.55 (m, 4H), 2.70-2.88 (m, 2H), 2.95 (dd, J = 13.0, 10.6 Hz, 1H), 
3.12-3.38 (m, 1H), 3.62 (dd, J = 14.9, 6.8 Hz, 1H), 3.77 (dd, J = 14.9, 3.4 Hz, 1H), 3.82-4.10 (m, 
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3H), 3.90 (dd, J = 6.8, 3.4 Hz, 1H), 4.15-4.40 (m, 1H); MS (APCI) m/z 455 (M+H)+. 
 
(2R)-2-Amino-3-{[((3R)-1-{3-[1-(tert-butoxycarbonyl)-4-piperidinyl]propanoyl}-3-piperidinyl)
carbonyl]amino}propanoic acid (60).  This compound was prepared from 58 using a similar 
procedure to that employed for the preparation of 59 (95%): 1H NMR (D2O) δ 0.90-1.22 (m, 3H), 
1.45 (s, 9H), 1.46-1.60 (m, 2H), 1.65-1.85 (m, 4H), 1.85-2.10 (m, 1H), 2.40-2.55 (m, 4H), 
2.70-2.90 (m, 2H), 2.98 (dd, J = 12.8, 10.6 Hz, 1H), 3.12-3.35 (m, 1H), 3.53-3.67 (m, 1H), 3.76 (dd, 
J = 3.7, 2.2 Hz, 1H), 3.82-3.95 (m, 2H), 4.18-4.38 (m, 1H); MS (ESI) m/z 455.3 (M+H)+. 
 
 (2S)-2-Amino-3-[({(3R)-1-[3-(4-piperidinyl)propanoyl]-3-piperidinyl}carbonyl)amino] 
propanoic acid (61a).  To a solution 59 (200 mg, 0.44 mmol) in EtOAc (4 ml) was added 4 N 
HCl in EtOAc (1.10 ml, 4.40 mmol) under ice cooling.  The reaction mixture was stirred at room 
temperature for 2 h.  The resulting precipitate was collected and washed with Et2O and dried 
under vacuum to give a crude solid.  It was dissolved in water, and the pH of the solution was 
adjusted to 7.0 with saturated aqueous NaHCO3 solution.  The resulting solution was purified by 
ODS column chromatography with MeCN/H2O (3:97).  The eluate was concentrated in vacuo and 
lyophilized to give 61a (94 mg, 60%) as an amorphous solid: IR (KBr) 1631, 1566, 1444, 1228, 
1084 cm-1; 1H NMR (D2O) δ 1.26-1.90 (m, 9H), 1.90-2.08 (m, 3H), 2.35-2.58 (m, 3H), 2.75-3.10 
(m, 3H), 2.75-3.10 (m, 3H), 3.12-3.60 (m, 6H), 3.78-4.05 (m, 1H) 4.12-4.38 (m, 1H); HRMS (ESI) 
m/z Calcd for C17H31N4O4 (M+H)+: 355.2345, found: 355.2331. 
 
 (2S)-2-[(4-Cyanobenzoyl)amino]-3-[({(3R)-1-[3-(4-piperidinyl)propanoyl]-3-piperidinyl} 
carbonyl)amino]propanoic acid (61b).  To a suspension of 59 (204 mg, 0.45 mmol) in MeCN (5 
ml) was added N-(trimethylsilyl)acetamide (MSA; 700 mg, 5.3 mmol), and the reaction mixture 
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was stirred at 40°C for 30 min and then cooled to 0 °C.  To this solution was added 
p-cyanobenzoyl chloride (80 mg, 0.48 mmol) under ice cooling and the reaction mixture was stirred 
for further 0.5 h at room temperature.  The pH of the resulting solution was adjusted to 2.5 with 
20% aqueous KHSO4 solution and extracted with EtOAc, dried over Na2SO4, filtered and 
concentrated in vacuo.  The residue was dissolved in EtOAc (6 ml).  To this was added 4 N HCl 
in EtOAc (2.1 ml, 8.4 mmol) under ice cooling.  The reaction mixture was stirred at room 
temperature for 2 h.  The resulting precipitate was collected and washed with Et2O and dried 
under vacuum, dissolved in water, and the pH of the solution adjusted to 7 with saturated aqueous 
NaHCO3 solution.  It was then purified by ODS column chromatography.  The eluate was 
concentrated in vacuo and lyophilized to give 61b (191 mg, 90%) as an amorphous solid: IR(KBr) 
1641, 1630, 1610, 1444, 1390 cm-1; 1H NMR (D2O) δ 1.25-1.62 (m, 7H), 1.62-1.82 (m, 2H), 
1.82-2.02 (m, 3H), 2.25-2.52 (m, 3H), 2.70-3.12 (m, 3H), 3.23 (dd, J = 13.2, 10.6 Hz, 1H), 
3.35-3.48 (m, 2H), 3.56-3.83 (m, 3H), 4.05-4.22 (m, 1H), 4.58-4.78 (m, 1H), 7.92 (d, J = 1.6 Hz, 
4H); HRMS (ESI) m/z Calcd for C25H34N5O5 (M+H)+: 484.2560, found: 484.2577; Anal. Calcd for 
C25H33N5O5·2H2O: C, 57.79; H, 7.17; N, 13.47.  Found: C, 57.65; H, 7.21; N, 13.42.   
 
(2S)-2-[(4-Methoxybenzoyl)amino]-3-[({(3R)-1-[3-(4-piperidinyl)propanoyl]-3-piperidinyl}car
bonyl)amino]propanoic acid (61c).  This compound was prepared from 59 and 
p-methoxybenzoyl chloride using a similar procedure to that employed for the preparation of 61b 
(94%): IR (KBr) 1644, 1640, 1633, 1622, 1608, 1502 1254, 1180, 1022, 850 cm-1; 1H NMR (D2O) 
δ 1.20-1.60 (m, 7H), 1.60-1.75 (m, 2H), 1.75-2.00 (m, 3H), 2.15-2.30 (m, 1H), 2.30-2.50 (m, 2H), 
2.65-2.85 (m, 1H), 2.85-3.05 (m, 2H), 3.20 (dd, J = 13.4, 10.4 Hz, 1H), 3.40-3.48 (m, 2H), 
3.55-3.85 (m, 3H), 3.90 (s, 3H), 4.05-4.20 (m, 1H), 4.55-4.71 (m, 1H), 7.09 (d, J = 8.8 Hz, 1H), 
7.11 (d, J = 9.1 Hz, 1H), 7.79 (d, J = 8.8 Hz, 1H), 7.80 (d, J = 9.1 Hz, 1H); HRMS (ESI) m/z Calcd 
 65
for C25H37N4O6 (M+H)+: 489.2713, found: 489.2713. 
 
(2R)-2-[(4-Methoxybenzoyl)amino]-3-[({(3R)-1-[3-(4-piperidinyl)propanoyl]-3-piperidinyl}car
bonyl)amino]propanoic acid (61d).  This compound was prepared from 60 and 
p-methoxybenzoyl chloride using a similar procedure to that employed for the preparation of 61b 
(94%): IR (KBr) 1647, 1608, 1254, 1180, 1024, 850 cm-1; 1H NMR (D2O) δ 1.25-1.60 (m, 7H), 
1.60-1.78 (m, 2H), 1.78-2.00 (m, 3H), 2.27-2.50 (m, 3H), 2.70-3.20 (m, 3H), 3.22 (dd, J = 13.6, 
10.3 Hz, 1H), 3.30-3.49 (m, 2H), 3.53-3.88 (m, 2H), 3.91 (s, 3H), 4.05-4.30 (m, 1H), 4.60-4.72 (m, 
1H), 7.10 (d, J = 9.0 Hz, 2H), 7.81 (d, J = 9.0 Hz, 2H); HRMS (ESI) m/z Calcd for C25H37N4O6 
(M+H)+: 489.2713, found: 489.2721. 
 
(2S)-2-(Heptanoylamino)-3-[({(3R)-1-[3-(4-piperidinyl)propanoyl]-3-piperidinyl}carbonyl)ami
no]propanoic acid (61g).  To a suspension of 59 (200 mg, 0.44 mmol) in THF (4 ml) were added 
1 N aqueous NaOH solution (1.45 ml, 1.45 mmol) and hexanoic anhydride (0.26 ml, 0.97 mmol) 
under ice cooling.  After 15 min, the reaction mixture was stirred at room temperature for further 
1 h.  The resulting mixture was washed with Et2O, and the pH of the aqueous layer was adjusted 
to 2.0 with 20% aqueous solution of KHSO4, and extracted with a mixed solvent of EtOAc/THF 
(1:1), dried over Na2SO4, filtered and concentrated in vacuo.  The residue was dissolved in EtOAc 
(10 ml).  To this was added 4 N HCl in EtOAc (1.1 ml, 4.4 mmol) under ice cooling.  The 
reaction mixture was stirred at room temperature for 2 h.  The resulting precipitate was collected 
and washed with Et2O and dried under vacuum, dissolved in water, and the pH of the solution was 
adjusted to 7 with saturated aqueous NaHCO3 solution.   The solution was then purified by ODS 
column chromatography with MeCN/H2O (1:3).  The eluate was concentrated in vacuo and 
lyophilized to give 61g (184 mg, 90%) as an amorphous solid: IR (KBr) 3430, 3413, 1648, 1456, 
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1392 cm-1; 1H NMR (D2O) δ 0.86 (t, J = 6.5 Hz, 3H), 1.20-1.80 (m, 17H), 1.80-2.05 (m, 3H), 2.29 
(t, J = 7.2 Hz, 2H), 2.42-2.55 (m, 2H), 2.73-3.06 (m, 3H), 3.07-3.34 (m, 1H), 3.35-3.50 (m, 3H), 
3.66 (ddd, J = 13.8, 4.2, 3.0 Hz, 1H), 3.77-3.98 (m, 1H), 4.12-4.38 (m, 1H), 4.39 (dd, J = 8.9, 4.2 
Hz, 1H); HRMS (ESI) m/z Calcd for C24H43N4O5 (M+H)+: 467.3233, found: 467.3231. 
 
(2S)-2-(Acetylamino)-3-[({(3R)-1-[3-(4-piperidinyl)propanoyl]-3-piperidinyl}carbonyl)amino]
propanoic acid (61e).  This compound was prepared from 59 using a similar procedure to that 
employed for the preparation of 61g (82%).  Purified amorphous product was crystallized from 
H2O/EtOH (0.5/99.5): mp>210 °C; IR (KBr) 1633, 1624, 1444, 1396 cm-1; 1H NMR (D2O) δ 
1.30-2.10 (m, 11H), 2.03 (s, 3H), 2.30-2.60 (m, 3H), 2.70-3.10 (m, 3H), 3.10-3.55 (m, 4H), 3.69 (dt, 
J = 13.9, 4.2 Hz, 1H), 3.80-4.05 (m, 1H), 4.10-4.35 (m, 1H), 4.38 (dd, J = 8.4, 4.2 Hz, 1H); HRMS 
(ESI) m/z Calcd for C19H33N4O5 (M+H)+: 397.2456, found: 397.2438; Anal. Calcd for 
C19H32N4O5·3H2O: C, 50.65; H, 8.50; N, 12.44.  Found: C, 50.51; H, 8.54; N, 12.33; [α]26D -11.8° 
(c 1.00, MeOH). 
 
(2R)-2-(Acetylamino)-3-[({(3R)-1-[3-(4-piperidinyl)propanoyl]-3-piperidinyl}carbonyl)amino]
propanoic acid (61f).  This compound was prepared from 60 using a similar procedure to that 
employed for the preparation of 61g (85%).  Purified amorphous solid was crystallized from H2O / 
EtOH (0.5:99.5): mp >124.0-124.5 °C; IR (KBr) 1666, 1627, 1599, 1402, 1144 cm-1; 1H NMR 
(D2O) δ 1.30-2.10 (m, 11H), 2.03 (s, 3H), 2.30-2.65 (m, 3H), 2.80-3.10 (m, 3H), 3.10-3.50 (m, 4H), 
3.69 (dt, J = 13.9, 4.2 Hz, 1H), 3.80-4.00 (m, 1H), 4.10-4.35 (m, 1H), 4.38 (dd, J = 8.4, 4.2 Hz, 
1H); HRMS (ESI) m/z Calcd for C19H33N4O5 (M+H)+: 397.2456, found (M+H)+ 397.2451; Anal. 
Calcd for C25H33N5O5·3H2O: C, 50.65; H, 8.50; N, 12.44.  Found: C, 50.88; H, 8.51; N, 12.49; 




rbonyl)amino]propanoic acid (61h).  This compound was prepared from 59 using a similar 
procedure to that employed for the preparation of 61b (86%): IR (KBr) 1643, 1637, 1633, 1523, 
1469, 1441, 1255, 1225 cm-1; 1H NMR (D2O) δ 1.20-1.80 (m, 18H), 1.80-2.05 (m, 3H), 2.15-2.60 
(m, 4H), 2.73-3.15 (m, 3H), 3.20-3.35 (m, 1H), 3.35-3.52 (m, 3H), 3.66 (dt, J = 14.0, 3.9 Hz, 1H), 
3.78-3.95 (m, 1H), 4.20-4.34 (m, 1H), 4.38 (dd, J = 8.5, 4.4 Hz, 1H); HRMS (ESI) m/z Calcd for 
C24H41N4O5 (M+H)+: 465.3077, found 465.3077. 
 
(2S)-2-[(2,2-Dimethylpropanoyl)amino]-3-[({(3R)-1-[3-(4-piperidinyl)propanoyl]-3-piperidinyl
}carbonyl)amino]propanoic acid (61i).  This compound was prepared from 59 using a similar 
procedure to that employed for the preparation of 61b (86%): IR (KBr) 1631, 1541, 1390, 1230 
cm-1; 1H NMR (D2O) δ 1.19 (s, 9H), 1.33-1.89 (m, 8H), 1.90-2.05 (m, 3H), 2.42-2.56 (m, 3H), 
2.83-3.18 (m, 3H), 3.20-3.58 (m, 4H), 3.62-3.74 (m, 1H), 3.80-3.95 (m, 1H), 4.10-4.30 (m, 1H), 
4.30-4.38 (m, 1H); HRMS (ESI) m/z Calcd for C22H39N4O5 (M+H)+: 439.2920, found: 439.2942. 
 
(2R)-2-[(2,2-Dimethylpropanoyl)amino]-3-[({(3R)-1-[3-(4-piperidinyl)propanoyl]-3-piperidiny
l}carbonyl)amino]propanoic acid (61j).  This compound was prepared from 60 using a similar 
procedure to that employed for the preparation of 61b (79%): IR (KBr) 1631, 1541, 1390, 1228 
cm-1; 1H NMR (D2O) δ 1.19 (s, 9H), 1.28-1.88 (m, 8H), 1.90-2.05 (m, 3H), 2.30-2.60 (m, 3H), 
2.75-3.25 (m, 3H), 3.28-3.49 (m, 2H), 3.53 (dd, J = 8.1, 5.2 Hz, 1H), 3.61 (dd, J = 8.5, 4.0 Hz, 1H), 
3.52-3.98 (m, 1H), 4.12-4.28 (m, 1H), 4.30-4.44 (m, 2H); HRMS (ESI) m/z Calcd for C22H39N4O5 




carbonyl}-2,3,4,7-tetrahydro-1H-azepine-1-carboxylate (62).  To a solution of 31 (142 mg, 
0.59 mmol) in DMF (5 ml) was added 55 (188 mg, 0.65 mmol), HOBT (88 mg, 0.65 mmol) and 
EDC (118 µL, 0.65 mmol) successively.  After the mixture was stirred at room temperature 
overnight, the reaction was quenched by adding saturated aqueous NaHCO3 solution, and extracted 
with EtOAc.  The extract was washed with water, and brine, dried over Na2SO4, and evaporated in 
vacuo.  The residue was purified by column chromatography on silica gel with EtOAc/hexane 
(1:5) to give 62 (94 mg, 34%) as a colorless oil: 1H NMR (CDCl3) δ 0.74-0.97 (m, 1H), 1.44 (s, 
9H), 2.34-2.79 (m, 3H), 3.39-3.86 (m, 4H), 3.74 (s, 3H), 4.07-4.49 (m, 2H), 5.11 (s, 2H), 5.56-6. 07 
(m, 3H), 7.34 (m, 5H), 8.17 (br, 1H); MS(APCI) m/z 376 (M-Boc+H)+. 
 
(2S)-2-(Acetylamino)-3-[({(3R)-1-[3-(4-piperidinyl)propanoyl]hexahydro-1H-azepin-3-yl}carb
onyl)amino]propanoic acid (63).  To a solution of 62 (90 mg, 0.19 mmol) in EtOAc (2.0 ml) was 
added 4 N HCl in EtOAc (4.0 mmol).  After the mixture was stirred for 2 h, the solvent was 
removed by decantation.  The residue was dried in vacuo and dissolved in DMF (2 mL).  To the 
solution were added 39 (54 mg, 0.21 mmol), HOBT (28 mg, 0.21 mmol), and EDC (0.10 mL, 0.55 
mmol).  After stirring at room temperature overnight, the mixture was quenched by a saturated 
aqueous NaHCO3 solution, then extracted with EtOAc.  The extract was washed with water, and 
brine, dried over Na2SO4 and evaporated in vacuo.  The crude residue was dissolved in MeOH (10 
mL).  The solution was stirred under H2 atmosphere in the presence of 10% Pd-C (20 mg, 50% 
wet).  After stirring at room temperature for 3 h, 1 N LiOH solution (0.50 mL, 0.50 mmol) was 
added to the mixture at 0 °C.  After stirring at the same temperature for 30 min, acetic anhydride 
(28 µL, 0.30 mmol) was added successively, and the mixture was stirred for further 30 min.  The 
resulting mixture was acidified to pH 2.5 with 20% aqueous KHSO4 solution, and extracted with 
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EtOAc.  The extract was dried over Na2SO4, filtered, and evaporated in vacuo.  The residue was 
dissolved in EtOAc (2 mL), and 4 N HCl solution in EtOAc (1.0 mL, 4.0 mmol) was added.  After 
the mixture was stirred at room temperature for 1 h, the solvent was removed by decantation.  The 
residue was dried in vacuo, and dissolved in water.  The solution was neutralized with saturated 
aqueous NaHCO3 solution, then purified by Daisogel SP-120® (Daiso) reversed phase gel 
chromatography with a CH3CN/water (1:10).  The fraction containing a product was concentrated 
in vacuo and lyophilized to give 63 (28 mg, 36%) as a white powder: IR (KBr) 3122, 1623, 1550, 
1437 cm-1; 1H NMR (D2O) δ 1.32-1.94 (m, 13H), 2.03 (s, 3H), 2.45-2.65 (m, 3H), 2.92-2.99 (m, 
2H), 3.30-3.72 (m, 8H), 4.34-4.41 (m, 1H); MS(APCI) m/z 411 (M+H)+. 
 
2.9.2.  Platelet adhesion to vWF coated plate 
 
Venous blood from healthy male volunteers was collected onto sodium citrate.  Platelet rich 
plasma (PRP) was prepared by rapid centrifugation of whole blood.  Platelets were washed with 
modified HEPES-Tyrode’s buffer (129mM NaCl, 2.8 mM KCl, 0.8 mM KH2PO4, 8.9 mM NaHCO3, 
0.8 mM MgCl2, 10 mM HEPES, 5.5 mM Glucose, 0.1 % bovine serum albumin (BSA), pH7.4) 
containing 1 µM PGE 1.  After washing, platelets were suspended in modified HEPES-Tyrode’s 
buffer containing 1.0 mM CaCl2 and platelet count was adjusted.  Adhesion assay protocol was 
performed as follows.  96-well microtiter plates were coated with 1 µg/well of von Willebrand 
factor.  The plates were then blocked with 1 % BSA.  After the plates were washed with buffer, 
ADP-activated washed platelets were added to each well in the presence of drugs or buffer and 
incubate for 30 min at 37 °C.  The plates were then washed three times with buffer.  The number 
of adhered cells was determined by the acid phosphatase activity of cells at 410 nm using a 
microplate reader.   
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2.9.3.  Calculation of the plasma concentrations for 50% inhibition of platelet aggregation 
and for 2.5-fold prolongation of the bleeding time in dogs. 
 
Various amounts of 61e, 61j and tirofiban were administrated by bolus injection, followed by 
continuous injection (61e: 20 µg/kg  + 7 µg/kg/h, 100 µg/kg  + 30 µg/kg/h, 200 
µg/kg  + 70 µg/kg/h, and 500 µg/kg  + 150 µg/kg/h; 61j: 3 µg/kg  + 3 µg/kg/h, 10 
µg/kg  + 10 µg/kg/h, 30 µg/kg  + 30 µg/kg/h, and 60 µg/kg  + 60 µg/kg/h; tirofiban: 39 
µg/kg  + 1.3 µg/kg/h, 75 µg/kg  + 2.5 µg/kg/h, 150 µg/kg  + 5 µg/kg/h, and 300 
µg/kg  + 10 µg/kg/h) to dogs (beagle; n = 2-4), respectively.  Blood samples were taken at 6 
time-points for the platelet aggregation study ex vivo and for measurement of drug concentrations 
in plasma by HPLC analyses at 30 min intervals after dosing.  At the same time as blood sample 
collection, bleeding time was assessed with an automated spring-loaded device designed to produce 
a standardized incision applied to the inner side of the upper jowl.  Blood from the incision was 
blotted with filter paper every 30 sec until all bleeding had stopped.  Prolongation of bleeding 
time was determined by comparison with the time in the pretreatment period.  Drug 


















生物学的利用率 (bioavailability; 以下 BA) の測定を行った。BA とは、経口投与した薬剤が
消化管からどれだけの割合で吸収されるかを示す指数である。Figure 16 に BA の測定方法
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を示す。まず実験動物に、一定量の測定薬剤を静脈注射 (intravenous; i.v.) する。その後、
定期的に採血を行い、薬剤の血漿中濃度の時間推移をグラフにプロットする (グラフ (A))。




under the concentration-time curve; AUC) と呼ぶ。静脈内注射投与時の AUC は、経口投与さ
れた薬剤が 100％消化管より吸収され血中に移行した場合の AUC に等しいとみなすことが
できる。すなわち、AUC(経口投与)/AUC(静脈内投与) の値を算出することで、どれだけの
割合で薬剤が吸収されたかを測定できる。この値が BA である。 著者が前章にて見出した














の計算値である CLOGP を参考にした。CLOGP とは、Daylight 社のソフトウエア CLOGP を
用いて算出した LOGP の値であり、分子を複数のグループ (官能基)に分割し、各グループ











置換基を導入することとした (63, Figure 17)。また経口剤創出における重要な参考パラメー



































設計化合物 63 の逆合成を Scheme 12 に示す。R’Partおよび G’Partを縮合した中間体 49は、
前章で合成した化合物である。 ここでは D’Part の光学活性β置換β-アミノ酸の合成が鍵





導体 64 のカルボン酸部分をエステル化して、化合物 65 を得た (Scheme 13)。このβ-アミノ

































次に、β位にフェニルエチル置換基を持つβ-アミノ酸誘導体の合成法を Scheme 14 に示す。
3-フェニルプロピオンアルデヒド (66)、または置換フェニルプロパノール 67-71 の Swern
酸化で得られるアルデヒド中間体に各種 Wittig 試薬を作用させ、α,β不飽和エステル体
72-77 に誘導した。 次に、Davis らの方法に従い、 (R)-N-ベンジル-α-メチルベンジルアミ
ンリチウム塩を、72-77 にジアステレオ選択的に共役付加させ、化合物 78-83 を得た 40)。こ
の共役付加反応はいずれの場合も高いジアステレオ選択性を示し、シリカゲルカラムクロ
マトグラフィーによる生成物の単離では、容易に高純度のジアステレオマーを得ることが
できた (78; 93% de)。78-83 を Pd 触媒を用いる水素添加反応により、ベンジル基及びα-メ
b, c
Scheme 14.  Reagents:(a) NaH, (EtO)2POCH2CO2Et, THF, 59%; (b) DMSO, (COCl)2, Et3N, CH2Cl2; (c) 
Ph3P=CHCO2Me, 84% for 73, 82% for 74, 70% for 75, 87% for 76, 73% for 77 in 2 steps respectively; (d) 
(R)-N-benzyl-1-phenylethylamine, n-BuLi, THF, -70 °C, 72% for 78, 97% for 79, 73% for 80, 66% for 81, 












67; R = p-OMe
68; R = m-OMe
70; R = p, m-di-OMe





69; R = o-OMe
73; R = p-OMe,
74; R = m-OMe
76; R = p, m-di-OMe
77; R = m-CF3
75; R = o-OMe
72; R' = Et,
73-77; R' = Me,
72; R = H
79; R = p-OMe,
80; R = m-OMe
82; R = p, m-di-OMe
83; R = m-CF3
81; R = o-OMe
78; R' = Et,
79-83; R' = Me,
78; R = H
85; R = p-OMe,
86; R = m-OMe
88; R = p, m-di-OMe
89; R = m-CF3
87; R = o-OMe
84; R' = Et,
85-89; R' = Me,







Scheme 15.  Reagents:(a) PhCH2OCOCl, Et3N, CH2Cl2,47%;
(b) LiOH, THF-EtOH; (c) H2, Pd-C, MeOH, 84% in 2 steps; 








点の立体配置は、Scheme 15 に示す方法により決定した。すなわちβ-アミノエステル体 84
のアミノ基をベンジルオキシカルボニル基で保護した後、エステル部分のアルカリ加水分
解、Pd-C による水素添加反応を経て、文献既知のβ-アミノ酸 90 に誘導した。90 の旋光度
の比較により、その絶対立体配置は (R)と決定し、旋光度の値より光学純度は 93% ee であ
ると決定した 43)。 
β位にビニル基、エチニル基を有するβ-アミノ酸誘導体に関しては、Scheme 16, 17 に示す
方法により合成した。文献既知の方法に従い L-アスパルギン酸ジベンジルエステルから誘
導したアルデヒド 91 を出発原料として用いた 44)。亜鉛粉末、ヨウ化メチレン、チタニウム
テトライソプロポキシド を用いてアルデヒド部分をメチレン化し、92 とした 45)。この 92
のβ-ラクタム環を塩酸―エタノール溶液で開環させ、ビニル置換β-アミノ酸 93 へと誘導
した (Scheme 16)。エチニル誘導体 96 へは、アルデヒド 91 を、トリフェニルホスフィン存
在下で四臭化炭素と反応させ、ジブロモ誘導体 94 に変換した後、LiN(TMS)2 を作用させ、












Scheme 16.  Reagents:(a) Zn, CH2I2, Ti(O
iPr)4, THF, 50%; (b) HCl, EtOH, 79%.


















91 94 95 96















３．２．２．にて合成した各種β-アミノ酸誘導体 65, 84-89, 93, 96 は、それぞれ、EDC, HOBT
存在下で 49 と縮合した後、エステル基及び Boc 基を脱保護し、目的物 63a, b, および 63d-k
に誘導した (Scheme 18)。なお、β位にフェニル基が置換されたラセミβ-アミノ酸エステル
65 から誘導した 63a, b のエピマー混合物は、HPLC を用いた分取精製を経て、それぞれの
エピマーを分離した (63a が高極性誘導体、63b が低極性誘導体)。63a, b  (R = Ph) のカル
ボン酸β位の絶対配置は、標品の光学活性 (S)-3-アミノ-3-フェニルプロパン酸エチルを用
いて Scheme 18 と同様の方法で合成したβ位が (S)体である標品との HPLC を比較すること
により、化合物 63a が (S)体、62b が (R)体であると決定した。 
また、カルボン酸β位にエチル基が置換された誘導体 63c はビニル誘導体 104 を酸化白金触






































Scheme 18.  Reagents: (a) EDC HCl, HOBT, Et3N, DMF, 83% for 97, 100% for 98, 92% for 99, 88% for 100, 
90% for 101; 100% for 102, 62% for 103, 100% for 104, 100% for 105; (b) LiOH, ROH, THF, 86% for 106, 97%
for 107, 85% for 108, 72% for 109, 72% for 110; 87% for 111, 86% for 112, 100% for 113, 100% for 114; (c) 
HCl, AcOEt, 34% for 63a, 43% for 63b, 77% for 63d, 93% for 63e, 84% for 63f; 100% for 63g, 100% for 63h, 
















































前項に示した方法により得られたβ位置換誘導体 63a-k の血小板凝集抑制作用 IC50 値を前
章と同様の方法で測定した。同時に、経口吸収性を簡易的に測定するため、以下の実験を






吸収されたかを推測できる (ex vivo assay 法)。血小板凝集抑制 IC50値と、経口吸収性を示す
ex vivo 実験結果を Table 10 に示す。β位にフェニル基を直接導入した誘導体 63a の血小板
凝集抑制 IC50値は 91 nM で、プロトタイプ化合物である無置換誘導体 50 のほぼ 2 倍の活性
を示した。しかし、63a の経口吸収性は ex vivo データが示すように、プロトタイプ化合物



























Scheme 19.  Reagents: (a) cat.PtO2, H2, 91% (b) LiOH, EtOH, THF; (c) HCl, AcOEt, 90% in 2 steps.
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の結果 63d は、プロトタイプ化合物 50 と同程度の血小板凝集抑制作用を示し、また経口吸
収性も 50 とほぼ同等であることが分かった。更なる血小板凝集抑制活性向上と経口吸収性
の改善を目的とし、63d の芳香環上の置換基効果を検討した。メトキシ基を芳香環上に導入
した化合物 63e-g では、メタ置換体 63f において血小板凝集抑制活性の向上 (IC50; 65 nM)が













a Concentration required to reduce binding ADP-induced human platelet aggregation response by 50%
Compd R IC50 (ADPinduced aggregation), nMaStereo
Table 10. (continued)
ex vivo assay









った。その結果、血小板凝集抑制活性 IC50が 27 nM と、これまでの研究で最強の活性を有
する化合物であることが分かった。しかしながら、これらメトキシ置換芳香環誘導体 63e-h







ィン、アセチレン基をカルボン酸β位に有する誘導体 63j, 63k の評価を行った。その結果、
ビニル誘導体 63j の血小板凝集抑制活性はプロトタイプ化合物 50 と同等であったが、エチ
ニル誘導体 63k では血小板凝集抑制活性に大幅な向上が認められた (IC50; 33 nM）。また、
63k の経口吸収性の測定結果 (ex vivo 実験) から、経口投与１時間後で 71％凝集抑制、3 時
間後においても 46％凝集抑制を保持しており、経口吸収性の良い誘導体であることが期待




化合物 63k を用いてラット、及びイヌにおける生物学的利用率（BA）を 3.1.1.に示した方法














CLOGP: -1.654 CLOGP: -1.137
Figure 19. Incorporation of double bond at R' Part of 63k.
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望まれた。そこで、63k のコンフォメーションの固定を目的とし、G’パートのピペリジンを
繋げるメチレン鎖に２重結合を導入した化合物 63l の合成を計画した (Figure 19)。63l の脂







63l およびその周辺化合物の各種動物での経口吸収性を測定するため、大量の目的物 63l を
合成が必要であった。ここで問題となるのは 63l の D’パートである (S)-2-アルキニルβ-ア
ミノ酸誘導体 96 の大量入手法であった。少量の 96 は Scheme 17 に示した L-アスパラギン
酸から誘導できた。しかし、各段階の収率が低く、また後処理が煩雑で、各段階で精密な
カラム精製が必要とするなど、大量合成には不向きであった。著者は、これらの問題を払







































Scheme 20.  Reagents:(a) trimethylsilylacetylene, EtMgCl, -40-0 °C, 100%; (b) paraformaldehyde, neat, 
75%;(c) Lipase PS®, vinyl acetate,  then SiO2 column chromatography (see table 12);(d) NH4OH, MeOH, 
61%; (e) HCl, MeOH, 94%.




エチニルマグネシウムを反応させる（-30 ℃－10 ℃）と、アゼチジノン 4 位がエチニル基
で置換された化合物 117 をほぼ定量的に得ることができた。無溶媒で 117 とパラホルムアル
デヒドを 135 ℃で加熱することにより、窒素原子がヒドロキシメチル化された 118 を 75%
収率で得た。この 118 を、寺尾、阿知波らにより報告されたリパーゼ触媒を用いた速度論的
光学分割反応に付した 48)。すなわち、アセチル化剤である酢酸ビニルの存在下、37 ℃でリ
パーゼ PS®, 49)と、ラセミ基質 118 を攪拌すると、(R)体のみが選択的にアセチル化を受け、






縮した後、シリカゲルカラムクロマトグラフィーにて 119 と 120 を分離した。目的物である
119 のヒドロキシメチル基とトリメチルシリル基の両保護基を同時にアンモニア水で切断
し、121 を得た。続いて、塩酸ガスを吹き込んだエタノール中で 121 のβ-ラクタム環を開
環させ、目的物である 96 に誘導した。96 の絶対配置が (S)体であることは、Scheme 17 に
示した方法で合成した化合物 96 との旋光度の比較により決定した。また、光学純度は HPLC
分析により 98% ee であることを確認した。この光学分割反応はスケールアップを行っても
再現性良く反応が進行し、700 g の原料 118 を用いても行うことができることが分かった。 
Entry









2 4094 97IPE-CH2Cl2 (2 : 1)
3 30244 >99IPE-CH2Cl2 (2 : 1)
4 502410 921,4-Dioxane
a) the time the reaction conversion was proceeded to 50%; b) Isolated yield after purified by column 




市販のイソニペコチン酸エチル (122) から目的とする不飽和誘導体 63l への合成経路を
Scheme 21 に示す。窒素原子を Boc 保護したイソニペコチン酸エチル 123 を１当量の水素化
ジイソブチルアルミニウム  (DIBAL)と作用させてアルデヒド体に変換した後、
Horner-Emmons タイプの Wittig 反応によりα,β-不飽和エステル 124 に誘導した。 124 の
E/Z 比は 1H NMR により 96 : 4 であった。これら異性体はカラムクロマトグラフィーによっ
て分離可能である。あるいは E,Z 混合物のアルカリ加水分解を行い、カルボン酸 125 に変換
した後、ヘキサン-ジイソプロピルエーテルを用いて再結晶を行い、E 体の 125 のみ得るこ








































Scheme 21. Reagents: (a) (Boc)2O, 100%; (b) DIBAL, -75 °C; (c)  (EtO)2POCH2CO2Et, NaH, 86% in 2
steps; (d) NaOH, 88%; (e) 47, Et3N, EDC HCl, HOBT, DMF, 96%; (f) LiOH, 74% for 127, 97% for 129; 
(g) 96, Et3N, EDC HCl, HOBT, DMF, 74%; (h) HCl, EtOAc; (i) Diaion HP20
















と順次縮合を行った後、エステル加水分解を経て 129 を得た。最後に Boc 基の脱保護によ





る経口吸収性の測定を行った。結果を Table 12 に示す。63l の血小板凝集抑制活性 IC50は 38 
nM の値を示し、飽和誘導体 63k とほぼ同じ強い抑制活性を保持することが分かった。63l
の経口吸収性を示すパラメータを精査すると、経口投与時の AUC 値が、63k に比べやや改























































   µg h/ml
T1/2β,
    h
BA, %
AUC (0-∞ ),
  µg h/ml
C max,
 µg/ml




















る方法 (誘導体 130 の合成)、及びカルボン酸部分をエステル化する方法 (誘導体 131 の合


























プロドラッグ体の合成経路を Scheme 22 に示す。プロドラッグとなるエチルエステル体
131a は、63k 合成における中間体 128 を脱 Boc 化して合成した。その他の種々のエステル
体合成には、合成中間体 129 を出発原料として用いた。EDC、HOBT、4-ジメチルアミノピ
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リジン (DMAP)存在下で、各種のアルコールを用いてエステル化を行い、続いて脱 Boc 化
により、ブチルエステル体 131b、ペンチルエステル体 131c、β-フェネチルエステル体 131d
を合成した。また、ピバロイルメチレンエステル体 131e の合成では、ピバロイルヨウ化メ




各種プロドラッグ体 131a-e をラットに 1.0 mg/kg の割合で経口投与し、3 時間及び 8 時間後
に採血を行い、血漿を分離して、先と同様に ex vivo 実験を行った。結果を Table 13 に示す。








Scheme 22. Reagents: (a) HCl, EtOAc, 84% for 131a, 100% for 131b, 32% for 131c, 83% for 131d, 81% for 131e
(b) DMAP, EDC, HOBT, DMF, 89% for 132, 94% for 133, 100% for 134; (c) K2CO3, ICH2OCO











































が高いと考えられるペンチルエステル体 131c をサルに経口投与し、その BA を測定した。 
３．８．４．最適プロドラッグ化合物の経口吸収率 
 

































ァイルを Table 14 に示す。これらの値から算出したプロドラッグ体 131c の BA は 25.8%と、

















Figure 20.  Plasma concentration of 63l in monkey （サルにおける 63l の血漿中濃度推移） 
(p.o. administration of 63l ▲ and 131c ● (10mg/kg)（63l 及び 131c の 10mg/kg 経口投与時）) 
 
Compd
Table 14.  Pharmacokinetic parameters in fasted mokey of 131c and 63l
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T1/2β,











































血小板凝集抑制能を有する化合物 63k を見出した 50)。経口吸収性の向上を目的とし、主鎖







3. 10. 1.  Chemistry 
 
Methyl 3-amino-3-phenyl propanoate hydrochloride (65).  Thionyl chloride (1.27 ml, 17.4 
mmol) was added dropwise to MeOH (5.0 ml) at –10 °C.  After stirring for 10 min at the same 
temperature, 3-amino-3-phenyl propanoic acid hydrochloride (64) was added to the solution, and 
stirring was continued for 3 h at room temperature.  Volatiles were evaporated in vacuo, and the 
residual solid was triturated with Et2O, collected on a glass filter, washed with Et2O, and dried in 
vacuo to give 65 (870 mg, 81%) as a solid: IR (neat) 1725, 1600, 1210, 995, 895, 770 cm-1; 1H NMR 
(DMSO-d6) δ 3.02 (dd, J = 16.2, 8.9 Hz, 1H), 3.27 (dd, J = 16.2, 5.7 Hz, 1H), 3.54 (s, 3H), 4.57(dd, 
J = 8.9, 5.7 Hz, 1H), 7.33-7.46 (m, 3H), 7.55-7.60 (m, 2H), 8.57 (s, 2H); MS (APCI) m/z 180 
(M+H)+. 
 
Ethyl (2E)-5-phenyl-2-pentenoate (72).  To a suspension of sodium hydride (60% dispersion in 
mineral oil, 3.28 g, 82.0 mmol) in THF (35 ml) was added dropwise triethyl phosphonoacetate (16.3 
ml, 82.0 mmol) in THF (50 ml) over a period of 0.5 h under ice cooling.  The mixture was stirred 
for 0.5 h at the same temperature.  To the reaction mixture was added 3-phenylpropanal (66) (10.0 
g, 74.5 mmol) in THF (60 ml) over a period of 20 min at room temperature and the mixture was 
stirred for 1 h at room temperature.  The resulting mixture was poured into iced water and extracted 
with EtOAc.  The organic layer was washed with water and brine, dried over MgSO4, filtered, and 
concentrated in vacuo.  The residue was purified by column chromatography on silica gel with 
hexane/EtOAc (100:2.5) to give 72 (8.91 g, 59%) as an oil: IR (neat) 2980, 2920, 1710, 1650, 1040 
cm-1; 1H NMR (CDCl3) δ 1.28 (t, J = 7.1 Hz, 3H), 2.47-2.58 (m, 2H), 2.74-2.92 (m, 2H), 4.18 (q, J = 
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7.1 Hz, 2H), 5.84 (dt, J = 15.6, 1.5 Hz, 1H), 7.00 (dt, J = 16.4, 6.7 Hz, 1H), 7.16-7.35 (m, 5H); MS 
(APCI) m/z 205 (M+H)+. 
 
Methyl (2E)-5-(4-methoxyphenyl)-2-pentenoate (73).  To a solution of oxalyl chloride (3.67 ml, 
42.1 mmol) in CH2Cl2 (35 ml) was added dropwise dimethylsulfoxide (3.66 ml, 51.1 mmol) at 
–70 °C.  To this was added a solution of 3-(4-methoyphenyl)-1-propanol (73) (5.00 g, 30.1 mmol) 
in CH2Cl2 (9 ml) dropwise, and then added triethylamine (14.3 ml, 102 mmol), and the mixture was 
allowed to warm to room temperature, stirred for further 1 h at the same temperature.  To the 
resulting mixture was added methyl (triphenylphosphoranylidene)acetate (12.1 g, 36.1 mmol) and 
the mixture was stirred for 2 h at room temperature.  The resulting mixture was poured into water 
and extracted with Et2O.  The organic layer was washed with 10% KHSO4, water, saturated 
aqueous NaHCO3, and brine, dried over MgSO4, filtered, and concentrated in vacuo.  The residue 
was purified by column chromatography on silica gel with hexane/Et2O (10:1) to give 73 (5.55 g, 
84%) as an oil: IR (neat) 3000, 2940, 2840, 1710, 1605, 1505, 1435, 1240, 1035 cm-1; 1H NMR 
(CDCl3) δ 2.43-2.54 (m, 2H), 2.72 (t, J = 7.7 Hz, 2H), 3.72 (s, 3H), 3.78 (s, 3H), 5.83 (dt, J = 15.7, 
1.5 Hz, 1H), 6.79-7.13 (m, 5H); MS (APCI) m/z 221 (M+H)+. 
 
Methyl (2E)-5-(3-methoxyphenyl)-2-pentenoate (74).  This compound was prepared from 68 
using a procedure similar to that employed for the preparation of 73 (82%): IR (neat) 2948, 1718, 
1657, 1603, 1585, 1489, 1456, 1319, 1263, 1201, 1153, 1043, 781, 696 cm-1; 1H NMR (CDCl3) δ 
2.46-2.58 (m, 2H), 2.71-2.79 (m, 2H), 3.72 (s, 3H), 3.80 (s, 3H), 5.85 (dt, J = 15.8, 1.5 Hz, 1H), 6.73 
(s, 1H), 6.73-6.79 (m, 2H), 7.00 (dt, J = 15.8, 6.7 Hz, 1H), 7.17-7.25 (m, 1H), 7.21 (dd, J = 8.5, 7.5 




Methyl (2E)-5-(2-methoxyphenyl)-2-pentenoate (75).  This compound was prepared from 69 
using a procedure similar to that employed for the preparation of 73 (70%): IR (neat) 3000, 2950, 
2840, 1720, 1635, 1510, 1030, 770 cm-1; 1H NMR (CDCl3) δ 2.43-2.54 (m, 2H), 2.77 (t, J = 7.8 Hz, 
2H), 3.72 (s, 3H), 3.82 (s, 3H), 5.83 (dt, J = 15.7, 1.5 Hz, 1H), 6.83-7.26 (m, 5H); MS (APCI) m/z 
221 (M+H)+. 
 
Methyl (2E)-5-(3,4-dimethoxyphenyl)-2-pentenoate (76).  This compound was prepared from 70 
using a procedure similar to that employed for the preparation of 73 (87%): IR (neat) 3000, 2940, 
2840, 1720, 1650, 1490, 1240, 1030, 750 cm-1; 1H NMR (CDCl3) δ 2.45-2.59 (m, 2H), 2.73 (t, J = 
7.5 Hz, 2H), 3.72 (s, 3H), 3.86 (s, 3H), 3.87 (s, 3H), 5.84 (dt, J = 15.7, 1.5 Hz, 1H), 6.69-6.82 (m, 
3H), 7.00 (dt, J = 15.7, 6.7 Hz, 1H); MS (APCI) m/z 251 (M+H)+. 
 
Methyl (2E)-5-[3-(trifluoromethyl)phenyl]-2-pentenoate (77).  This compound was prepared 
from 71 using a procedure similar to that employed for the preparation of 73 (73%): IR (neat) 3000, 
2940, 2850, 1710, 1650, 1435, 1325, 1070, 800, 700 cm-1; 1H NMR (CDCl3) δ 2.49-2.60 (m, 2H), 
2.85 (t, J = 7.3 Hz, 2H), 3.73 (s, 3H), 5.85 (dt, J = 15.6, 1.5 Hz, 1H), 6.98 (dt, J = 15.6, 6.8 Hz, 1H), 
7.73-7.50 (m, 4H); MS (APCI) m/z 259 (M+H)+. 
 
Ethyl (3R)-3-{benzyl[(1R)-1-phenylethyl]amino}-5-phenylpentanoate (78).  To a solution of 
(R)-N-benzyl-α-methylbenzylamine (2.00 ml, 9.46 mmol) in THF (40 ml) was added dropwise 
n-BuLi (5.88 ml, 9.46 mmol) at 0 °C.  This mixture was stirred at 0 °C for 15 min.  After cooling 
to –70 °C, to this was added a solution of 72 (970 mg, 4.73 mmol) in THF (30 ml) dropwise and the 
mixture was stirred for 1 h at the same temperature.  To the resulting mixture was added saturated 
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aqueous NH4Cl solution to quench the reaction and extracted with Et2O.  The organic layer was 
washed with water and brine, dried over MgSO4, filtered, and concentrated in vacuo.  The residue 
was purified by column chromatography on silica gel with hexane/EtOAc (97:3) to give 78 (1.41 g, 
72%) as an oil.  The diastereomer excess was 93% de determined by 1H NMR analysis: IR (neat) 
3030, 2980, 2930, 1725, 1600, 1495, 1450, 1360, 1030, 745, 700 cm-1; 1H NMR (CDCl3) δ 1.16 (t, J 
= 7.1 Hz, 3H), 1.35 (d, J = 7.0 Hz, 3H), 1.59-1.67 (m, 1H), 1.74-1.84 (m, 1H), 2.04-2.06 (m, 2H), 
2.58 (ddd, J = 13.5, 10.6, 5.7 Hz, 1H), 2.97 (ddd, J = 13.5, 10.6, 5.1 Hz, 1H), 3.38-3.45 (m, 1H), 
3.59 (d, J = 14.6 Hz, 1H), 3.82 (d, J = 14.6 Hz, 1H), 3.88 (q, J = 7.1 Hz, 1H), 3.91-4.06 (m, 2H), 
7.12-7.18 (m, 3H), 7.21-7.31 (m, 8H), 7.34-7.40 (m, 2H), 7.46-7.48 (m, 2H); MS (APCI) m/z 416 
(M+H)+. 
 
Methyl (3R)-3-{benzyl[(1R)-1-phenylethyl]amino}-5-(4-methoxyphenyl)pentanoate (79).  This 
compound was prepared from 73 using a procedure similar to that employed for the preparation of 
78 (97%): IR (neat) 3020, 2925, 2840, 1720, 1605, 1490, 1450, 1240, 1030, 820, 745, 695 cm-1; 1H 
NMR (CDCl3) δ 1.35 (d, J = 7.0 Hz, 3H), 1.50-1.80 (m, 1H), 2.07 (d, J = 6.6 Hz, 2H), 2.45-2.60 (m, 
1H), 2.82-2.97 (m, 1H), 3.33-3.46 (m, 1H), 3.52 (s, 3H), 3.56-3.91 (m, 2H), 3.64 (s, 3H), 6.78-6.84 
(m, 2H), 7.01-7.08 (m, 2H), 7.19-7.48 (m, 10H); MS (APCI) m/z 432 (M+H)+. 
 
Methyl (3R)-3-{benzyl[(1R)-1-phenylethyl]amino}-5-(3-methoxyphenyl)pentanoate (80).  This 
compound was prepared from 74 using a procedure similar to that employed for the preparation of 
78 (73%): IR (neat) 3026, 2949, 2835, 1734, 1601, 1493, 1454, 1259, 1045, 748, 700 cm-1; 1H 
NMR (CDCl3) δ 1.35 (d, J = 7.0 Hz, 3H), 1.55-1.66 (m, 1H), 1.74-1.84 (m, 1H), 2.10 (d, J = 6.6 Hz, 
2H), 2.56 (ddd, J = 13.6, 11.0, 5.5 Hz, 1H), 2.94 (ddd, J = 13.6, 10.6, 5.5 Hz, 1H), 3.37-3.45 (m, 1H), 
3.52 (s, 3H), 3.60 (d, J = 14.6 Hz, 1H), 3.77 (s, 3H), 3.86 (q, J = 7.0 Hz, 1H), 6.68-6.75 (m, 3H), 
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7.16-7.38 (m, 8H), 7.50 (d, J = 7.2 Hz, 2H); MS (ESI) m/z 432.2 (M+H)+. 
 
Methyl (3R)-3-{benzyl[(1R)-1-phenylethyl]amino}-5-(2-methoxyphenyl)pentanoate (81).  This 
compound was prepared from 75 using a procedure similar to that employed for the preparation of 
78 (66%): IR (neat) 3030, 2930, 2840, 1725, 1600, 1485, 1455, 1240, 1025, 750, 695 cm-1; 1H NMR 
(CDCl3) δ 1.34 (d, J = 7.0 Hz, 3H), 1.43-1.61 (m, 1H), 1.79-1.97 (m, 1H), 2.10 (d, J = 7.5 Hz, 2H), 
2.44-2.62 (m, 1H), 2.95-3.10 (m, 1H), 3.10-3.44 (m, 1H), 3.49 (s, 3H), 3.56-3.65 (m, 1H), 3.76 (s, 
3H), 3.77-3.91 (m, 2H), 6.82-6.91 (m, 2H), 7.08-7.39 (m, 10H), 7.50 (d, J = 6.8 Hz, 2H); MS 
(APCI) m/z 432 (M+H)+. 
 
Methyl (3R)-3-{benzyl[(1R)-1-phenylethyl]amino}-5-(3,4-dimethoxyphenyl)pentanoate (82).  
This compound was prepared from 76 using a procedure similar to that employed for the preparation 
of 78 (70%): IR (neat) 2940, 2840, 1725, 1590, 1505, 1455, 1260, 1235, 1155, 1015, 750, 700 cm-1; 
1H NMR (CDCl3) δ 1.34 (d, J = 7.0 Hz, 3H), 1.51-1.86 (m, 2H), 2.09 (d, J = 6.5 Hz, 2H), 2.47-2.61 
(m, 1H), 2.83-2.92 (m, 1H), 3.34-3.46 (m, 1H), 3.52 (s, 3H), 3.58-3.70 (m, 1H), 3.78-3.91 (m, 2H), 
3.83 (s, 3H), 3.86 (s, 3H), 6.65-6.80 (m, 3H), 7.22-7.49 (m, 10H); MS (APCI) m/z 462 (M+H)+. 
 
Methyl (3R)-3-{benzyl[(1R)-1-phenylethyl]amino}-5-[3-(trifluoromethyl)phenyl]pentanoate 
(83).  This compound was prepared from 77 using a procedure similar to that employed for the 
preparation of 78 (74%): IR (neat) 3020, 2930, 2850, 1725, 1595, 1490, 1445, 1325, 1200, 1020, 800, 
750, 695 cm-1; 1H NMR (CDCl3) δ 1.36 (d, J = 7.0 Hz, 3H), 1.57-1.86 (m, 2H), 2.08 (d, J = 6.8 Hz, 
2H), 2.56-2.71 (m, 1H), 2.95-3.10 (m, 1H), 3.33-3.46 (m, 1H), 3.53 (s, 3H), 3.57-3.72 (m, 3H), 
7.21-7.48 (m, 10H); MS (APCI) m/z 470 (M+H)+. 
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Ethyl (3R)-3-amino-5-phenylpentanoate (84).  To a solution of 78 (1.40 g, 3.37 mmol) in EtOH 
(30 ml) was added 10% Pd-C (280 mg), and the mixture was stirred under H2 atmosphere (1 atm) at 
room temperature for 4 h.  The catalyst was filtered off, and the filtrate was evaporated off to give 
84 (620 mg, 83%) as an oil: IR (neat) 2970, 2920, 1720, 1600, 1495, 1450, 1370, 645, 600 cm-1; 1H 
NMR (CDCl3) δ 1.17 (t, J = 7.1 Hz, 3H), 1.48-1.66 (m, 2H), 2.23 (dd, J = 15.0, 8.1 Hz, 1H), 2.40 
(dd, J = 15.0, 5.1 Hz, 1H), 2.57-2.75 (m, 2H), 2.90-3.04 (m, 1H), 4.04 (q, J = 7.1 Hz, 2H), 7.12-7.31 
(m, 5H). 
 
Methyl (3R)-3-amino-5-(4-methoxyphenyl)pentanoate (85).  This compound was prepared from 
79 using a procedure similar to that employed for the preparation of 84 (87%): IR (neat) 3360, 2930, 
2840, 1720, 1605, 1440, 1245, 1035 cm-1; 1H NMR (CDCl3) δ 1.41-1.65 (m, 2H), 2.23 (dd, J = 15.0, 
8.3 Hz, 1H), 2.41 (dd, J = 15.0, 5.0 Hz, 1H), 2.54-2.63 (m, 2H), 2.88-2.98 (m, 1H), 3.57 (s, 3H), 
3.71 (s, 3H), 6.81-6.86 (m, 2H), 7.08-7.12 (m, 2H); MS (APCI) m/z 238 (M+H)+. 
 
Methyl (3R)-3-amino-5-(3-methoxyphenyl)pentanoate (86).  This compound was prepared from 
80 using a procedure similar to that employed for the preparation of 84 (95%): IR (neat) 2999, 2951, 
2837, 1734, 1601, 1583, 1489, 1454, 1437, 1259, 1043, 783, 696 cm-1; 1H NMR (CDCl3) δ 
1.60-1.84 (m, 2H), 2.32 (dd, J = 15.7, 8.7 Hz, 1H), 2.52 (dd, J = 15.7, 4.1 Hz, 1H), 3.16-3.30 (m, 
1H), 3.69 (s, 3H), 3.80 (s, 3H), 6.70-6.83 (m, 3H), 7.16-7.25 (m, 1H); MS (ESI) m/z 238.3 (M+H)+. 
 
Methyl (3R)-3-amino-5-(2-methoxyphenyl)pentanoate (87).  This compound was prepared from 
81 using a procedure similar to that employed for the preparation of 84 (100%): IR (neat) 2930, 2830, 
1720, 1595, 1485, 1435, 1340, 1045, 1025, 750 cm-1; 1H NMR (CDCl3) δ 1.48-1.81 (m, 2H), 2.30 
(dd, J = 15.6, 9.0 Hz, 1H), 2.53 (dd, J = 15.6, 3.9 Hz, 1H), 2.61-2.77 (m, 2H), 3.12-3.21 (m, 1H), 
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4.05 (s, 3H), 4.17 (s, 3H), 6.82-6.92 (m, 2H), 7.19-7.31 (m, 2H); MS (APCI) m/z 238 (M+H)+. 
 
Methyl (3R)-3-amino-5-(3,4-dimethoxyphenyl)pentanoate (88).  This compound was prepared 
from 82 using a procedure similar to that employed for the preparation of 84 (75%): IR (neat) 2930, 
2830, 2650, 1720, 1585, 1505, 1260, 1230, 1155, 1020 cm-1; 1H NMR (CDCl3) δ 1.40-1.71 (m, 2H), 
2.23 (dd, J = 15.1, 9.0 Hz, 1H), 2.38-2.71 (m, 3H), 2.87-3.02 (m, 1H), 3.58 (s, 3H), 3.71 (s, 3H), 
3.73 (s, 3H), 6.67-6.86 (m, 3H); MS (APCI) m/z 268 (M+H)+. 
 
Methyl (3R)-3-amino-5-(3-(trifluoromethyl)phenyl)pentanoate (89).  This compound was 
prepared from 83 using a procedure similar to that employed for the preparation of 84 (45%): IR 
(neat) 2930, 2870, 1725, 1595, 1445, 1335, 1075, 805, 705 cm-1; 1H NMR (CDCl3) δ 1.40-1.76 (m, 
2H), 2.25 (dd, J = 15.1, 8.3 Hz, 1H), 2.39-2.52 (m, 1H), 2.65-2.84 (m, 2H), 2.88-2.98 (m, 1H), 3.58 
(s, 3H), 7.52-7.56 (m, 4H); MS (APCI) m/z 276 (M+H)+. 
 
Ethyl (3R)-3-amino-5-phenylpentanoate (90).  To a solution of 84 (221 mg, 2.50 mmol) in 
CH2Cl2 (10 ml) were added benzyl chloroformate (0.393 ml, 2.75 mmol), and Et3N (0.418 ml, 3.00 
mmol) successively under ice cooling, and the mixture was stirred at room temperature for 1 h.  To 
the resulting mixture was added water extracted with EtOAc.  The organic layer was washed 
successively with 10% aqueous KHSO4 solution, saturated aqueous NaHCO3 solution, and brine, 
dried over MgSO4, filtered, and concentrated in vacuo.  The residue was purified by column 
chromatography on silica gel with hexane/EtOAc (4:1) to give the N-Cbz protected intermediate 
(415 mg, 47%) as a solid: IR (KBr) 3330, 2945, 1724, 1691, 1539, 1257, 1053, 756, 727, 698 cm-1; 
1H NMR (CDCl3) δ 1.23 (t, J = 7.1 Hz, 3H), 1.78-1.98 (m, 2H), 2.48-2.78 (m, 4H), 3.96-4.10 (m, 
1H), 4.12 (q, J = 7.1 Hz, 2H), 5.11 (s, 2H), 5.29 (d, J = 9.1 Hz, 1H), 7.14-7.20 (m, 3H), 7.25-7.29 (m, 
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2H), 7.30-7.37 (m, 5H); MS (ESI) m/z 356.11 (M+H)+.  To a solution of this intermediate (355 mg, 
1.00 mmol) in THF (3.5 ml) and EtOH (3.5 ml) was added dropwise 1 N aqueous LiOH solution 
(3.00 ml, 3.00 mmol) under ice cooling and the mixture stirred for 2 h at room temperature.  The 
resulting mixture was washed with Et2O, and the aqueous phase was adjusted to pH 3 with 10% 
aqueous KHSO4 solution, and extracted with EtOAc.  The organic layer was washed with brine, 
dried over MgSO4, filtered, and concentrated in vacuo.  The residue was dissolved with MeOH (3.0 
ml).  To this solution was added 10% Pd-C (170 mg), and the mixture was stirred under H2 
atmosphere (1 atm) at room temperature for 1 h.  The catalyst was filtered off, and washed with 
water.  The filtrate was evaporated off to give 90 (620 mg, 84%) as a solid: IR (KBr) 2952, 
2920,1637, 1556, 1404, 721, 700 cm-1; 1H NMR (D2O) δ 1.97-2.02 (m, 2H), 2.49 (dd, J = 16.7, 8.4 
Hz, 1H), 2.64 (dd, J = 16.7, 4.7 Hz, 1H), 2.74-2.79 (m, 1H), 7.28-7.42 (m, 5H); MS (ESI) m/z 
194.10 (M+H)+; [α]24D –26.4° (c 0.56, MeOH): lit43; [α]24D –28.4° (c 0.56, MeOH). 
 
(S)-N-tert-Butyldimethylsilyl-4-vinyl-2-azetidinone (92).  To a mixture of zinc powder (11.9 g, 
182 mmol) in THF (215 ml) was added Ti(OiPr)4 (6.0 ml, 20.2 mmol) dropwise at room temperature 
and the resultant mixture was stirred for 1 h.  A solution of CH2I2 (8.1 ml, 101 mmol) was then 
added to the mixture and it was stirred for further 30 min at room temperature.  To the resultant 
mixture was added dropwise a solution of 91 (4.3 g, 20.2 mmol) in THF (130 ml) and stirred at room 
temperature for 2 h.  The mixture was poured into a mixture of Et2O (500 ml) and 1N HCl (300 ml).  
The organic layer was washed with water, saturated aqueous NaHCO3 solution and brine, dried over 
MgSO4, and evaporated in vacuo.  The residue was purified by a column chromatography on silica 
gel with EtOAc/hexane (1:10) to give 92 (2.13 g, 50%) as a colorless oil: IR (neat) 2940, 2860, 1730 
cm-1; 1H NMR (CDCl3) δ 0.17 (s, 3H), 0.19 (s, 3H), 0.96 (s, 9H), 2.77 (dd, J = 2.8, 14.7 Hz, 1H), 
3.30 (dd, J = 5.6, 14.7 Hz, 1H), 3.97-4.06 (m, 1H), 4.95-5.13 (m, 2H), 5.58-5.76 (m, 1H); MS 
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(APCI) m/z 212 (M+H)+; [α]20D -15.6° (c 1.00, MeOH). 
 
Ethyl (S)-3-amino-4-pentenoate hydrochloride (93).  To a solution of 92 (1.0 g, 4.7 mmol) in 
EtOH (5 ml) was added 6N HCl in EtOH (5.0 ml, 30 mmol) at 0 °C.  After stirring for 1 h at room 
temperature, the mixture was evaporated in vacuo and the resultant solid was washed with Et2O to 
give 93 (670 mg, 79%) as a white solid: IR (nujol) 3420, 2100, 1720, 1600 cm-1; 1H NMR 
(DMSO-d6) δ 1.19 (t, J = 7.1 Hz, 3H), 2.70 (dd, J = 16.0, 8.4 Hz, 1H), 2.91 (dd, J = 16.0, 5.7 Hz, 
1H), 3.93-4.00 (m, 1H), 4.05 (q, J = 7.1 Hz, 2H), 5.32 (d, J = 10.4 Hz, 1H), 5.38 (d, J = 17.4 Hz, 1H), 
5.89 (ddd, J = 17.4, 10.4, 6.9 Hz, 1H), 8.54 (br, 3H); MS (APCI) m/z 144 (M+H)+; [α]20D -8.9° (c 
1.00, MeOH); Anal. Calcd for C7H13NO2 ·HCl·0.2EtOH: C, 47.11; H, 8.01; N, 7.42. Found: C, 
47.26; H, 8.37; N, 7.79. 
 
(S)-N-tert-Butyldimethylsilyl-4-(2,2-dibromoethenyl)-2-azetidinone (94).  To a solution of CBr4 
(3.11 g, 9.38 mmol) in CH2Cl2 (15 ml) was added dropwise a solution of PPh3 (4.92 g, 18.8 mmol) 
in CH2Cl2 (15 ml) at 0 °C.  After stirring at the same temperature for 10 min, a solution of 91 (1.00 
g, 4.69 mmol) in CH2Cl2 (10 ml) was added dropwise at 0 °C and the resulting mixture was stirred 
for 20 min at the same temperature.  The mixture was poured into saturated aqueous NaHCO3 
solution and extracted with CH2Cl2.  The extract was washed with water, dried over MgSO4 and 
evaporated in vacuo.  The residue was purified by column chromatography on silica gel with 
Et2O/hexane (1:5) to give 94 (0.83 g, 48%) as a pale yellow oil: IR (neat) 3450, 3300, 2940, 2850 
1740, 1600 cm-1; 1H NMR (CDCl3) δ 0.12 (s, 3H), 0.16 (s, 3H), 0.85 (s, 9H), 2.75 (dd, J = 2.8, 15.6 
Hz, 1H), 3.30 (dd, J = 5.6, 15.6 Hz, 1H), 4.13-4.22 (m, 1H), 6.38 (d, J = 8.8 Hz, 1H); MS (APCI) 
m/z 370 (M+H)+. 
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(S)-N-tert-Butyldimethylsilyl-4-ethynyl-2-azetidinone (95).  To a solution of 94 (630 mg, 1.71 
mmol) was added LiN(TMS)2 (1.0 M solution in n-hexane, 3.75 mmol) at –75 °C.  After stirring at 
-75°C for 1 h, a saturated aqueous NH4Cl solution was added and extracted with EtOAc.  The 
extract was washed with water and brine, dried over MgSO4, and evaporated in vacuo.  The residue 
was purified by column chromatography on silica gel with Et2O/hexane (1:5) to give 95 (220 mg, 
56%) as an colorless oil: IR (nujol) 3420, 3250, 2100, 1720 cm-1; 1H NMR (CDCl3) δ 0.19 (s, 6H), 
0.88 (s, 9H), 2.35 (d, J = 2.2 Hz, 1H), 3.02 (dd, J = 3.0, 15.1 Hz, 1H), 3.28 (dd, J = 5.6, 15.1 Hz, 1H), 
4.00-4.05 (m, 1H); MS (APCI) m/z 210 (M+H)+; [α]20D -61.5° (c 1.00, MeOH). 
 
Ethyl (S)-3-amino-4-pentynoate hydrochloride (96).  To a solution of 95 (120 mg, 0.57 mmol) in 
EtOH (3 ml) was added 4N HCl in EtOH (2 ml, 8.0 mmol) at room temperature.  After stirring at 
room temperature for 1 h, the mixture was evaporated in vacuo.  The residue was recrystallized 
from Et2O to give 96 (57 mg, 56%) as a white solid.  The ratio of enantiomers was determined to be 
99.5:0.5 by chiral HPLC using CROWNPAK CR(+): IR (nujol) 3210, 2190, 1710, 1560 cm-1; 1H 
NMR (DMSO-d6) δ 1.21 (t, J = 7.1 Hz, 3H), 2.84 (dd, J = 16.1, 9.1 Hz, 1H), 3.07 (dd, J = 16.1, 5.0 
Hz, 1H), 4.13 (q, J = 7.1 Hz, 2H), 4.29 (m, 1H), 8.94 (br, 3H); MS (APCI) m/z 142 (M+H)+; [α]20D 
-7.1° (c 1.00, MeOH); Anal. Calcd for C7H11NO2 ·HCl·0.1EtOH: C, 47.45; H, 6.97; N, 7.69. Found: 
C, 47.78; H, 7.12; N, 7.88. 
 
tert-Butyl 4-{3-[(3R)-3-({[(1R)-3-ethoxy-3-oxo-1-(2-phenylethyl)propyl]amino}carbonyl)-1- 
piperidinyl]-3-oxopropyl}-1-piperidinecarboxylate (98).  To the solution of 84 (600 mg, 2.71 
mmol), 49 (1.00 g, 2.71 mmol) and HOBT (370 mg, 2.71 mmol) in DMF (6 ml) was added EDC 
(0.49 ml, 2.71 mmol) at 0 °C.  After stirring at ambient temperature overnight, the mixture was 
poured into water and extracted with EtOAc.  The extract was washed with water, brine and dried 
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over MgSO4, and evaporated in vacuo.  The residue was purified by column chromatography on 
silica gel with CHCl3/MeOH (100:1) to give 98 as an oil (1.55 g, 100%): IR (neat) 3450, 3310, 2980, 
2930, 2860, 1720, 1640 cm-1; 1H NMR (CDCl3, rotomer observed) δ 1.01-1.20 (m, 2H), 1.22-1.30 
(m, 3H), 1.45 (s, 9H), 1.45-2.05 (m, 13H), 2.28-2.72 (m, 8H), 3.16-3.59 (m, 2H), 3.91-4.48 (m, 4H), 
4.11 (q, J = 7.1 Hz, 2H), 6.40 (d, J = 9.0 Hz, 1/3H), 6.76 (d, J = 8.8 Hz, 2/3H), 7.16-7.31 (m, 5H); 
MS (APCI) m/z 572 (M+H)+. 
 
tert-Butyl 4-[3-((3R)-3-{[(3-methoxy-3-oxo-1-phenylpropyl)amino]carbonyl}-1-piperidinyl)-3- 
oxopropyl]-1-piperidinecarboxylate (97).  This compound was prepared from 49 and 65 using a 
procedure similar to that employed for the preparation of 98 (83%): IR (neat) 2940, 2860, 1735, 
1630 cm-1; 1H NMR (CDCl3) δ 0.99-1.24 (m, 2H), 1.45 (s, 9H), 1.45-1.89 (m, 9H), 2.00-2.16 (m, 
1H), 2.25-2.44 (m, 3H), 2.61-2.96 (m, 4H), 3.19-3.55 (m, 2H), 3.55 (s, 3H), 3.62-4.48 (m, 4H), 
5.37-5.47 (m, 1H), 7.28-7.35 (m, 5H); MS (APCI) m/z 530 (M+H)+. 
 
tert-Butyl 4-(3-{(3R)-3-[({(1R)-3-methoxy-1-[2-(4-methoxyphenyl)ethyl]-3-oxopropyl}amino) 
carbonyl]-1-piperidinyl}-3-oxopropyl)-1-piperidinecarboxylate (99). This compound was 
prepared from 49 and 85 using a procedure similar to that employed for the preparation of 98 (92%): 
IR (neat) 2930, 2860, 1730, 1630 cm-1; 1H NMR (CDCl3) δ 1.02-1.21 (m, 2H), 1.45 (s, 9H), 
1.53-1.89 (m, 10H), 2.00-2.23 (m, 1H), 2.29-2.73 (m, 9H), 3.16-3.59 (m, 3H), 3.66 (s, 3H), 3.78 (s, 
3H), 3.91 (dd, J = 13.8, 3.6 Hz, 1H), 4.08 (d, J = 12.7 Hz, 2H), 4.23-4.37 (m, 1H), 6.72-6.80 (m, 1H), 
6.82 (d, J = 8.6 Hz, 2H), 7.09 (d, J = 8.6 Hz, 2H); MS (APCI) m/z 588 (M+H)+. 
 
tert-Butyl 4-(3-{(3R)-3-[({(1R)-3-methoxy-1-[2-(3-methoxyphenyl)ethyl]-3-oxopropyl}amino) 
carbonyl]-1-piperidinyl}-3-oxopropyl)-1-piperidinecarboxylate (100).  This compound was 
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prepared from 49 and 86 using a procedure similar to that employed for the preparation of 98 (88%): 
IR (neat) 3280, 1640, 1420, 1240, 1150, 860, 740, 680 cm-1; 1H NMR (DMSO-d6) δ 0.80-1.15 (m, 
6H), 1.38 (s, 9H), 1.50-1.96 (m, 6H), 2.02-3.10 (m, 16H), 3.55 (s, 3H), 3.72 (s, 3H), 3.95 (m, 2H), 




carbonyl]-1-piperidinyl}-3-oxopropyl)-1-piperidinecarboxylate (101).  This compound was 
prepared from 49 and 87 using a procedure similar to that employed for the preparation of 98 (90%): 
IR (neat) 2990, 2930, 2860, 1725, 1660, 1620 cm-1; 1H NMR (CDCl3) δ 1.00-1.21 (m, 2H), 1.45 (s, 
9H), 1.53-2.15 (m, 11H), 2.21-2.38 (m, 3H), 2.48-2.66 (m, 6H), 3.15-3.60 (m, 2H), 3.65 (s, 3H), 
3.81 (s, 3H), 3.86-4.50 (m, 4H), 6.23-6.35 (m, 1H), 6.64 (d, J = 8.6Hz, 1H), 6.81-6.91 (m, 2H), 
7.09-7.19 (m, 2H); MS (APCI) m/z 588 (M+H)+. 
 
tert-Butyl 4-(3-{(3R)-3-[({(1R)-1-[2-(3,4-dimethoxyphenyl)ethyl]-3-methoxy-3-oxopropyl} 
amino)carbonyl]-1-piperidinyl}-3-oxopropyl)-1-piperidinecarboxylate (102).  This compound 
was prepared from 49 and 88 using a procedure similar to that employed for the preparation of 98 
(100%): IR (neat) 3290, 2980, 2925, 2850, 1720, 1650, 1620 cm-1; 1H NMR (CDCl3) δ 1.02-1.23 (m, 
3H), 1.45 (s, 9H), 1.45-1.94 (m, 9H), 2.03-2.73 (m, 11H), 3.18-3.67 (m, 3H), 3.66 (s, 3H), 3.85 (s, 




amino]carbonyl}-1-piperidinyl)-3-oxopropyl]-1-piperidinecarboxylate (103).  This compound 
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was prepared from 49 and 89 using a procedure similar to that employed for the preparation of 98 
(62%): IR (neat) 2980, 2925, 2860, 1720, 1645 cm-1; 1H NMR (CDCl3) δ 1.00-1.21 (m, 2H), 1.45 (s, 
9H), 1.45-1.72 (m, 9H), 1.84-2.20 (m, 3H), 2.34-2.77 (m, 9H), 3.39-3.50 (m, 1H), 3.63-3.69 (m, 4H), 
3.80-3.81 (m, 1H), 4.02-4.17 (m, 2H), 4.25-4.39 (m, 1H), 6.45-6.93 (m, 1H), 7.35-7.43 (m, 4H); MS 
(APCI) m/z 626 (M+H)+. 
 
tert-Butyl 4-{3-[(3R)-3-({[(1S)-1-(2-ethoxy-2-oxoethyl)-2-propen-1-yl]amino}carbonyl)-1- 
piperidinyl]-3-oxopropyl}-1-piperidinecarboxylate (104).  This compound was prepared from 49 
and 93 using a procedure similar to that employed for the preparation of 98 (100%): IR (neat) 3300, 
1720, 1680, 1630, 1530 cm-1; 1H NMR (CDCl3) δ 1.03-1.21 (m, 2H), 1.26 (t, J = 7.2 Hz, 3H), 1.45 
(s, 9H), 1.52-2.05 (m, 10H), 2.33-2.41 (m, 3H), 2.55-2.73 (m, 4H), 3.27-3.54 (m, 2H), 4.07-4.18 (m, 
5H), 4.62-4.90 (m, 1H), 5.12-5.24 (2H, m), 5.84 (ddd, J = 17.2, 10.4, 5.5 Hz, 1H), 6.64-6.92 (m, 
1H); MS (APCI) m/z 494 (M+H)+. 
 
tert-Butyl 4-{3-[(3R)-3-({[(1S)-1-(2-ethoxy-2-oxoethyl)-2-propyn-1-yl]amino}carbonyl)-1- 
piperidinyl]-3-oxopropyl}-1-piperidinecarboxylate (105).  This compound was prepared from 49 
and 96 using a procedure similar to that employed for the preparation of 98 (100%): IR (neat) 3280, 
1730, 1670, 1630, 1530 cm-1; 1H NMR (CDCl3) δ 1.00-1.18 (m, 2H), 1.26-1.33 (t, J = 7.4 Hz, 3H), 
1.45 (s, 9H), 1.59-1.69 (m, 2H), 1.64 (s, 3H), 2.09-2.31 (m, 5H), 2.61-2.96 (m, 5H), 3.44-3.76 (m, 
4H), 4.15-4.19 (m, 2H), 4.22 (q, J = 7.4 Hz, 2H), 5.05-5.12 (m, 1H), 6.50-6.70 (m, 1H). 
 
(3R)-3-{[((3R)-1-{3-[1-(tert-Butoxycarbonyl)-4-piperidinyl]propanoyl}-3-piperidinyl)carbonyl]a
mino}-5-phenylpentanoic acid (107).  To a solution of 98 (1.55 g, 2.71 mmol) in THF (10 ml), 
EtOH (10 ml) and water (10 ml) was added LiOH (340 mg, 8.13 mmol) at 0 °C.  After stirring at 
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ambient temperature for 1 h, the mixture was acidified with 10% KHSO4 solution and extracted with 
EtOAc.  The extract was washed with water, brine and dried over MgSO4 and evaporated in vacuo 
to give 107 as an oil (1.20 g, 97%): IR (neat) 3400, 2920, 2850, 1700, 1640 cm-1; 1H NMR 
(DMSO-d6) δ 0.63-0.86 (m, 2H), 1.17 (s, 9H), 1.17-1.29 (m, 8H), 1.36-1.66 (m, 5H), 2.04-2.18 (m, 
4H), 2.30-2.54 (m, 5H), 3.49-3.90 (m, 4H), 3.95-4.23 (m, 1H), 6.94-7.09 (m, 5H), 7.65 (d, J = 8.2 
Hz, 1H); MS (APCI) m/z 544 (M+H)+. 
 
3-{[((3R)-1-{3-[1-(tert-Butoxycarbonyl)-4-piperidinyl]propanoyl}-3-piperidinyl)carbonyl]amin
o}-3-phenylpropanoic acid (106).  This compound was prepared from 97 using a procedure 
similar to that employed for the preparation of 107 (86%): IR (neat) 3380, 3020, 2940, 2870, 1710, 
1660, 1630 cm-1; 1H NMR (DMSO-d6) δ 0.86-1.06 (m, 2H), 1.21-1.91 (m, 9H), 1.38 (s, 9H), 
2.16-2.35 (m, 3H), 2.58-2.67 (m, 5H), 2.86-3.06 (m, 1H), 3.63-3.97 (m, 3H), 4.05-4.42 (m, 1H), 
5.11-5.23 (m, 1H), 7.17-7.31 (m, 5H), 8.40-8.47 (m, 1H); MS (APCI) m/z 516 (M+H)+. 
 
(3R)-3-{[((3R)-1-{3-[1-(tert-Butoxycarbonyl)-4-piperidinyl]propanoyl}-3-piperidinyl)carbonyl]a
mino}-5-(4-methoxyphenyl)pentanoic acid (108).  This compound was prepared from 99 using a 
procedure similar to that employed for the preparation of 107 (85%): IR (neat) 3400, 3930, 3860, 
1700, 1630 cm-1; 1H NMR (DMSO-d6) δ 0.85-1.09 (m, 2H), 1.25-1.49 (m, 4H), 1.38 (s, 9H), 
1.39-1.88 (m, 8H), 2.10-2.72 (m, 9H), 2.89-3.16 (m, 1H), 3.71 (s, 3H), 3.77-4.06 (m, 4H), 4.12-4.39 
(m, 1H), 6.82 (d, J = 8.6 Hz, 2H), 7.07 (d, J = 8.6 Hz, 2H), 7.83 (d, J = 8.4 Hz, 1H), 12.08 (s, 1H); 
MS (APCI) m/z 574 (M+H)+. 
 
(3R)-3-{[((3R)-1-{3-[1-(tert-Butoxycarbonyl)-4-piperidinyl]propanoyl}-3-piperidinyl)carbonyl]a
mino}-5-(3-methoxyphenyl)pentanoic acid (109).  This compound was prepared from 100 using 
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a procedure similar to that employed for the preparation of 107 (72%): 1H NMR (DMSO-d6) δ 
0.92-1.12 (m, 2H), 1.38 (s, 9H), 1.38-1.98 (m, 13H), 2.03-3.20 (m, 14H), 3.72 (s, 3H), 3.75-4.38 (m, 




mino}-5-(2-methoxyphenyl)pentanoic acid (110).  This compound was prepared from 101 using a 
procedure similar to that employed for the preparation of 107 (72%): IR (neat) 3290, 3000, 2930, 
2850, 1715, 1640, 1615 cm-1; 1H NMR (DMSO-d6) δ 0.84-1.08 (m, 2H), 1.30-1.45 (m, 4H), 1.38 (s, 
9H), 1.59-1.91 (m, 7H), 2.09-2.74 (m, 10H), 2.89-3.18 (m, 1H), 3.71-4.02 (m, 4H), 3.75 (s, 3H), 
4.16-4.39 (m, 1H), 6.81-6.94 (m, 2H), 7.07-7.20 (m, 2H), 7.84 (d, J = 8.5 Hz, 1H), 12.12 (s, 1H); 
MS (APCI) m/z 574 (M+H)+. 
 
(3R)-3-{[((3R)-1-{3-[1-(tert-Butoxycarbonyl)-4-piperidinyl]propanoyl}-3-piperidinyl)carbonyl]a
mino}-5-(3,4-dimethoxyphenyl)pentanoic acid (111).  This compound was prepared from 102 
using a procedure similar to that employed for the preparation of 117 (87%): IR (neat) 3300, 3430, 
3360, 1720, 1640, 1625 cm-1; 1H NMR (DMSO-d6) δ 0.83-1.10 (m, 2H), 1.21-1.46 (m, 4H), 1.38 (s, 
9H), 1.61-1.91 (m, 8H), 2.07-2.73 (m, 10H), 2.87-3.20 (m, 2H), 3.70 (s, 3H), 3.73 (s, 3H), 3.76-4.08 
(m, 3H), 6.64-6.68 (m, 1H), 6.74-6.85 (m, 2H), 7.83 (d, J = 8.2 Hz, 1H), 11.97-12.14 (br, 1H); MS 
(APCI) m/z 604 (M+H)+. 
 
(3R)-3-{[((3R)-1-{3-[1-(tert-Butoxycarbonyl)-4-piperidinyl]propanoyl}-3-piperidinyl)carbonyl]a
mino}-5-[3-(trifluoromethyl)phenyl]pentanoic acid (112).  This compound was prepared from 
103 using a procedure similar to that employed for the preparation of 107 (86%): IR (neat) 3280, 
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2920, 2850, 1720, 1630 cm-1; 1H NMR (DMSO-d6) δ 0.86-1.09 (m, 2H), 1.38 (s, 9H), 1.30-1.44 (m, 
4H), 1.59-1.86 (m, 6H), 2.28-2.40 (m, 5H), 2.60-2.74 (m, 5H), 2.82-3.14 (m, 1H), 3.71-4.05 (m, 5H), 
4.15-4.40 (m, 1H), 7.48-7.56 (m, 4H), 7.85-7.90 (m, 1H); MS (APCI) m/z 612 (M+H)+. 
 
(3S)-3-{[((3R)-1-{3-[1-(tert-Butoxycarbonyl)-4-piperidinyl]propanoyl}-3-piperidinyl)carbonyl]a
mino}-4-pentenoic acid (113).  This compound was prepared from 104 using a procedure similar 
to that employed for the preparation of 107 (100%).  This compound was used for the next step 
without further purification. 
 
(3S)-3-{[((3R)-1-{3-[1-(tert-Butoxycarbonyl)-4-piperidinyl]propanoyl}-3-piperidinyl)carbonyl]a
mino}-4-pentynoic acid (114).  This compound was prepared from 105 using a procedure similar 
to that employed for the preparation of 107 (100%): IR (KBr) 3430, 3300, 1731, 1686, 1662 cm-1; 
1H NMR (DMSO-d6) δ 0.92-1.17 (m, 2H), 1.38 (s, 9H), 1.49-1.77 (m, 9H), 1.91 and 1.99 (s, total 
1H), 2.13-2.64 (m, 8H), 2.89-3.06 (m, 1H), 3.17-3.28 (m, 1H), 3.76-4.32 (m, 3H), 4.78-4.84 (m, 1H), 
8.37-8.44 (m, 1H), 12.39 (br, 1H). 
 
(3R)-5-Phenyl-3-[({(3R)-1-[3-(4-piperidinyl)propanoyl]-3-piperidinyl}carbonyl)amino]pentanoi
c acid hydrochloride (63d).  To the solution of 107 (1.20 g, 2.59 mmol) in EtOAc (12 ml) was 
added 4 N HCl in EtOAc (6.47 ml, 25.9 mmol) at 0 °C.  After stirring at ambient temperature for 2 
h, the resulting precipitate was collected on a Büchner funnel, washed with Et2O and dried in vacuo 
to give 63d (77%): IR (nujol) 3300, 1700, 1620 cm-1; 1H NMR (DMSO-d6) δ 1.03-1.91 (m, 13H), 
2.06-3.07 (m, 11H), 3.12-3.24 (m, 2H), 3.70-3.90 (m, 1H), 3.78-4.38 (m, 2H), 7.16-7.51 (m, 5H), 
7.93-8.05 (m, 1H), 8.71-9.01 (m, 1H), 9.08-9.20 (br, 1H); MS (APCI) m/z 444 (M+H)+; Anal. Calcd 




acid trifluoroacetate (63a), and (3R)-Phenyl-3-[({(3R)-1-[3-(4-piperidinyl) 
propanoyl]-3-piperidinyl}carbonyl)amino]propanoic acid trifluoroacetate (63b). This 
compound was prepared from 106 using a procedure similar to that employed for the preparation of 
63d.  The two diastereomers were separated by using preparative HPLC (34% for 3a, 43% for 3b). 
63a: IR (neat) 3250, 2960, 1710, 1600 cm-1; 1H NMR (DMSO-d6) δ 1.12-1.85 (m, 11H), 2.11-2.36 
(m, 3H), 2.66 (d, J = 7.5 Hz, 2H), 2.79-3.11 (m, 3H), 3.17-3.29 (m, 2H), 3.63-3.84 (m, 1H), 
4.11-4.33 (m, 2H), 5.11-5.23 (m, 1H), 7.24-7.34 (m, 5H), 8.07-8.23 (br, 1H), 8.40 (d, J = 8.1 Hz, 
1H), 8.40-8.53 (br, 1H); MS (APCI) m/z 416 (M+H)+; HRMS (ESI) m/z Calcd for C23H34N3O4 
(M+H)+: 416.2549, found: 416.2539; [α]20D -1.20° (c 1.0, MeOH).  63b: IR (neat) 2910, 2850, 
1710, 1630 cm-1; 1H NMR (DMSO-d6, rotomer observed) δ 1.17-1.85 (m, 11H), 2.12-2.36 (m, 
2+1/2H), 2.60-3.28 (m, 7+1/2H), 3.71-3.83 (m, 1H), 4.12-4.38 (m, 2H), 5.18 (q, J = 7.8 Hz, 1H), 
7.20-7.38 (m, 5H), 8.18-8.32 (br, 1H), 8.42 (d, J = 8.3 Hz, 1H), 8.54-8.64 (br, 1H); HRMS (ESI) m/z 
Calcd for C23H34N3O4 (M+H)+: 416.2549, found: 416.2549; [α]20D -39.62° (c 0.45, MeOH).  The 
absolute configurations of these epimers were determined by the HPLC analysis compared with the 
authentic sample prepared from optically-active ethyl (S)-3-amino-3-phenylpropionate. 
 
(3R)-5-(4-Methoxyphenyl)-3-[({(3R)-1-[3-(4-piperidinyl)propanoyl]-3-piperidinyl}carbonyl)ami
no]pentanoic acid hydrochloride (63e).  This compound was prepared from 108 using a 
procedure similar to that employed for the preparation of 63d (93%); IR (nujol) 1715, 1620, 1600 
cm-1; 1H NMR (DMSO-d6) δ 1.22-1.86 (m, 12H), 2.11-3.24 (m, 12H), 3.71-4.36 (m, 5H), 3.71 (s, 
3H), 6.82 (d, J = 8.6 Hz, 2H), 7.08 (d, J = 8.5 Hz, 2H), 7.90 (t, J = 8.8 Hz, 1H), 8.63-8.74 (br, 1H), 
8.90-9.01 (br, 1H); MS (APCI) m/z 474 (M+H)+; [α]20D -43.1° (c 1.0, MeOH); Anal. Calcd for 
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C26H39N3O5 ·HCl·2H2O: C 57.19, H 8.12, N 7.69. Found: C 56.82, H 8.17, N 7.51. 
 
(3R)-5-(3-Methoxyphenyl)-3-[({(3R)-1-[3-(4-piperidinyl)propanoyl]-3-piperidinyl}carbonyl)ami
no]pentanoic acid hydrochloride (63f).  This compound was prepared from 109 using a procedure 
similar to that employed for the preparation of 63d (84%): IR (nujol) 1710, 1600, 720 cm-1; 1H NMR 
(DMSO-d6) δ 1.13-2.00 (m, 14H), 2.01-3.70 (m, 9H), 3.17-3.29 (m, 2H), 3.73 (s, 3H), 3.97-4.08 (m, 
1H), 4.10-4.37 (m, 1H), 6.72-6.75 (m, 3H), 7.13-7.22 (m, 1H), 7.88-7.98 (m, 1H), 8.73 (br, 1H), 8.99 
(br, 1H); HRMS (ESI) m/z Calcd for C26H40N3O5 (M+H)+: 474.2968, found: 474. 2985; [α]19D -20.7° 
(c 1.16, MeOH). 
 
(3R)-5-(2-Methoxyphenyl)-3-[({(3R)-1-[3-(4-piperidinyl)propanoyl]-3-piperidinyl}carbonyl)ami
no]pentanoic acid hydrochloride (63g).  This compound was prepared from 110 using a 
procedure similar to that employed for the preparation of 63d (100%): IR (nujol) 1725, 1640, 1600 
cm-1; 1H NMR (DMSO-d6) δ 1.21-1.91 (m, 16H), 2.30-3.24 (m, 11H), 3.75 (s, 3H), 3.70-3.89 (m, 
1H), 4.12-4.39 (m, 1H), 6.81-6.94 (m, 2H), 7.07-7.20 (m, 2H), 7.84-7.94 (m, 1H), 8.60-8.75 (br, 1H), 
8.91-9.03 (br, 1H); HRMS (ESI) m/z Calcd for C26H40N3O5 (M+H)+: 474.2968, found: 474.2962; 
[α]20D -17.7° (c 1.0, MeOH). 
 
(3R)-5-(3,4-Dimethoxyphenyl)-3-[({(3R)-1-[3-(4-piperidinyl)propanoyl]-3-piperidinyl}carbonyl
)amino]pentanoic acid hydrochloride (63h).  This compound was prepared from 111 using a 
procedure similar to that employed for the preparation of 63d (100%): IR (nujol) 1730, 1635 cm-1; 
1H NMR (DMSO-d6) δ 1.05-1.50 (m, 9H), 1.66-1.83 (m, 8H), 1.83-3.23 (m, 11H), 3.71 (s, 3H), 3.73 
(s, 3H), 4.15-4.38 (m, 2H), 6.65-6.69 (m, 1H), 6.77-6.85 (m, 2H), 8.88-9.02 (br, 1H), 9.15-9.25 (br, 




thyl)phenyl]pentanoic acid hydrochloride (63i).  This compound was prepared from 112 using a 
procedure similar to that employed for the preparation of 63d (90%): IR (nujol) 3300, 1715, 1630, 
1610 cm-1; 1H NMR (DMSO-d6) δ 1.23-2.13 (m, 14H), 2.35-2.45 (m, 5H), 2.61-2.83 (m, 5H), 
3.15-3.28 (m, 2H), 3.72-3.89 (m, 1H), 3.99-4.10 (m, 1H), 4.15-4.41 (m, 1H), 7.49-7.55 (m, 4H), 
7.94-8.05 (m, 1H), 8.75-8.93 (m, 1H), 9.03-9.17 (m, 1H); MS (APCI) m/z 512 (M+H)+; [α]20D -21.4° 
(c 1.0, MeOH); Anal. Calcd for C26H36F3N3O4 ·HCl·1.8H2O: C 53.80, H 7.05, N 7.24. Found: C 
53.72, H 7.10, N 7.02. 
 
(3S)-3-[({(3R)-1-[3-(4-Piperidinyl)propanoyl]-3-piperidinyl}carbonyl)amino]-4-pentenoic acid 
hydrochloride (63j).  This compound was prepared from 113 using a procedure similar to that 
employed for the preparation of 63d (100%): IR (KBr) 3429, 2947, 1724, 1629, 1621 cm-1; 1H NMR 
(DMSO-d6) δ 1.17-1.99 (m, 11H), 2.32-2.60 (m, 5H), 2.75-3.00 (m, 2H), 3.19-3.24 (m, 2H), 
3.82-4.38 (m, 4H), 4.54-4.62 (m, 1H), 5.05-5.12 (m, 2H), 5.74-5.92 (m, 1H), 8.00-8.06 (m, 1H); 
HRMS (ESI) m/z Calcd for C19H32N3O4 (M+H)+: 366.2393, found: 366.2400.  
 
(3S)-3-[({(3R)-1-[3-(4-Piperidinyl)propanoyl]-3-piperidinyl}carbonyl)amino]-4-pentynoic acid 
(63k).  This compound was prepared from 114 using a procedure similar to that employed for the 
preparation of 63d (70%): IR (KBr) 3425, 3250, 1726, 1638, 1614 cm-1; 1H NMR (DMSO-d6) δ 
1.27-1.83 (m, 11H), 2.08-2.32 (m, 3H), 2.58-3.09 (m, 5H), 3.18-3.22 (m, 3H), 3.75-3.80 (m, 1H), 
4.08-4.32 (m, 1H), 4.79-4.82 (m, 1H), 8.42-8.54 (m, 1H), 8.75 (br, 1H), 9.04 (br, 1H); MS (APCI) 
m/z 364 (M+H)+; Anal. Calcd for C19H29N3O4 ·0.5H2O: C 61.27, H 8.12, N 11.28. Found: C 61.10, H 




piperidinyl]-3-oxopropyl}-1-piperidinecarboxylate (115).  To a solution of 104 (800 mg, 1.62 
mmol) in EtOH (10 ml) was added PtO2 (200 mg), and the mixture was stirred under H2 atmosphere 
(1 atm) at room temperature for 2 h.  The catalyst was filtered off, and the filtrate was evaporated 
off to give 115 (730 mg, 91%) as an oil: IR (neat) 3280, 1720, 970, 860, 770 cm-1; 1H NMR (CDCl3) 
δ 0.99-1.22 (m, 2H), 1.24 (t, J = 7.0 Hz, 3H), 1.26 (t, J = 7.1 Hz, 3H), 1.45 (s, 9H), 1.45-2.16 (m, 




hydrochloride (63c).  This compound was prepared from 115 using a procedure similar to that 
employed for the preparation of 107 and 63d (90% in 2 steps): IR (KBr) 3408, 3257, 1724, 1637 
cm-1; 1H NMR (DMSO-d6) δ 0.76-0.83 (t, J = 6.3 Hz, 3H), 1.21-1.91 (m, 14H), 2.18-2.40 (m, 5H), 
2.59-3.23 (m, 5H), 3.76-4.35 (m, 3H), 7.73-7.83 (m, 1H); HRMS (ESI) m/z Calcd for C19H34N3O4 
(M+H)+: 368.2549, found: 368.2554. 
 
4-(2-Trimethylsilylethynyl)-2-azetidinone (117).   To a solution of 1-trimethylsilylacetylene 
(1715 ml, 12.4 mol) in THF (18.0 L) was added ethyl magnesium chloride (2.0M solution in THF; 
6.19 L, 12.38 mol) dropwise below -30 °C under N2 atmosphere.  The reaction mixture was 
allowed to 0 °C and stirred for 1 h.  After cooling to -30 °C, 4-acetoxy-2-azetidinone (116) (320 g, 
2.48 mol) was added and the reaction mixture was warmed to room temperature, and stirred for 2 h.  
After cooling to -20 °C, saturated NH4Cl solution (4.0 L) and extracted with EtOAc (20 L).  The 
organic layer was washed with water (10 L x 2) and brine, dried over MgSO4, filtered off and 
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evaporated in vacuo to give 117 (425 g, 102%), which was essentially pure.  It was used to the next 
step without further purification: IR (nujol) 3150, 2130, 1740, 1330, 1240, 1090,1060, 950, 840, 750, 
740 cm-1; 1H NMR (CDCl3) δ 0.16 (s, 9H), 3.02 (ddd, J = 14.7, 2.7, 1.6 Hz, 1H), 3.30 (ddd, J = 14.7, 
5.3, 1.8 Hz), 4.24 (dd, J = 5.3, 2.7 Hz, 1H), 6.41 (br, 1H). 
 
N-Hydroxymethyl-4-(2-trimethylsilylethynyl)-2-azetidinone (118).  117 (285 g, 1.70 mol) and 
paraformaldehyde (153 g, 5.1 mol) was heated at 135 °C for 45 min.  The resulting mixture was 
cooled to room temperature and purified by column chromatography on silica gel with 
CH2Cl2/EtOAc (8:2) to give 118 (429 g, 75%) as a solid: IR (nujol) 3300, 1710, 1280, 1230, 1020, 
820 cm-1; 1H NMR (CDCl3) δ 0.18 (s, 9H), 3.02 (dd, J = 14.8, 2.7 Hz, 1H), 3.26 (dd, J = 14.8, 5.4 Hz, 
1H), 3.69 (dd, J = 9.4, 5.3 Hz, 1H), 4.41 (m, 2H), 5.01 (dd, J = 11.8, 5.2 Hz, 1H); MS (FAB) m/z 197 
(M+H)+.  
 
(R)-N-Hydroxymethyl-4-(2-trimethylsilylethynyl)-2-azetidinone (119).  To a solution of 118 
(200 g, 1.01 mol) in CH2Cl2 (2.0 L) and IPE (4.0 L) was added vinyl acetate (280 ml, 3.04 mol) and 
Lipase PS ® (Amano Enzyme Co., Ltd., 152 g).  The mixture was warmed to 37° C and stirred for 
16 h.  Catalyst was filtered off and washed with CH2Cl2.  Solvent was evaporated in vacuo.  The 
residue was subjected to a column chromatography on silica gel with hexane/EtOAc (8:2 to 0:1) to 
give 119 (77.8 g, 39%): IR (nujol) 3300, 1710, 1280, 1230, 1020, 820 cm-1; 1H NMR (CDCl3) δ 0.18 
(s, 9H), 3.02 (dd, J = 14.8, 2.7 Hz, 1H), 3.26 (dd, J = 14.8, 5.4 Hz, 1H), 3.69 (dd, J = 9.4, 5.3 Hz, 
1H), 4.41 (m, 2H), 5.01 (dd, J = 11.8, 5.2 Hz, 1H); MS (FAB) m/z 197.8 (M+H)+; [α]20D -130.3° (c 
1.18, CHCl3). 
 
(S)-4-Ethynyl-2-azetidinone (121).  To saturated aqueous NH3 solution (300 ml) and MeOH (1000 
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ml) was added 119 (101 g, 513 mmol).  The resulting mixture was stirred at room temperature 
overnight.  Solvent was evaporated in vacuo and the residue was added EtOAc and washed with 
water (x 3), and brine.  The organic layer was dried over MgSO4, filtered off and evaporated in 
vacuo.  The residue was purified by column chromatography on silica gel with CH2Cl2/ EtOAc 
(9:1) to give 121 (29.8 g, 61%): IR (nujol) 3200, 2080, 1400, 1320, 1160 cm-1; 1H NMR (CDCl3) δ 
2.46 (d, J = 2.0 Hz, 1H), 3.11 (ddd, J = 14.8, 2.5, 1.6 Hz, 1H), 3.35 (ddd, J = 14.8, 5.3, 1.8 Hz, 1H), 
4.27 (m, 1H), 6.46 (br, 1H); [α]20D -63.3° (c 1.09, CHCl3). 
 
Ethyl (S)-3-amino-4-pentynoate hydrochloride (96).  To a solution of 121 (28.5 g, 300 mmol) in 
EtOH (140 ml) was added a solution of HCl in EtOH (5.86 N) below 10 °C, and stirred for 1 h at 
room temperature.  The mixture was evaporated in vacuo.  The residue was washed with Et2O and 
collected by filtration to give 96 (50.3 g, 94%) as white crystal.  The enantiomer ratio was 
determined by chiral HPLC using CROWNPAK CR(+) (DAICEL CHEMICAL INDUSTRIES, 
LTD.): IR (nujol) 3210, 2190, 1710, 1560 cm-1; 1H NMR (DMSO-d6) δ 1.21 (t, J = 7.1 Hz, 3H), 2.84 
(dd, J = 16.1, 9.1 Hz, 1H), 3.07 (dd, J = 16.1 and 5.0 Hz, 1H), 4.13 (q, J = 7.1 Hz, 2H), 4.29 (m, 1H), 
8.94 (br, 3H); MS (APCI) m/z 142 (M+H)+; [α]20D -6.27° (c 1.11, MeOH); Anal. Calcd for 
C7H11NO2·HCl: C, 47.33; H, 6.81; N, 7.89.  Found: C, 47.39; H, 6.73; N, 7.84. 
 
1-tert-Butyl 4-ethyl 1,4-piperidinedicarboxylate (123).  To a solution of ethyl isonipecotate (122) 
(1.00 g, 6.36 mmol) in CH2Cl2 (10 ml) were added Et3N (1.06 ml, 7.63 mmol) and (Boc)2O (1.67 g, 
7.63 mmol) successively.  The mixture was stirred for 1 h at room temperature.  To the resulting 
mixture was added water and extracted with CH2Cl2.  The organic layer was washed with water and 
brine, dried over MgSO4, filtered, and concentrated in vacuo to give 123 (1.64 g, 100%) as an oil: IR 
(neat) 2970, 1730, 1685, 1420, 1170 cm-1; 1H NMR (CDCl3) δ 1.26 (t, J = 7.1 Hz, 3H), 1.46 (s, 9H), 
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1.57-1.72 (m, 2H), 1.81-1.97 (m, 2H), 2.36-2.51 (m, 1H), 2.77-2.91 (m, 2H), 3.77-3.78 (m, 2H), 4.14 
(q, J = 7.1 Hz, 2H); MS (APCI) m/z 258 (M+H)+. 
 
tert-Butyl 4-[(1E)-3-ethoxy-3-oxo-1-propen-1-yl]-1-piperidinecarboxylate (124).  To a solution 
of 123 (2.57 g, 10.0 mmol) in toluene (26 ml) was added dropwise DIBAL (1.01 M in toluene, 10.2 
ml, 10.3 mmol) at –75 °C.  It was stirred for 1 h at the same temperature.  The resulting mixture 
was poured into saturated aqueous NH4Cl solution and extracted with EtOAc.  The organic layer 
was washed with water, saturated aqueous NaHCO3, and brine, dried over MgSO4, filtered, and 
concentrated in vacuo.  The residue was dissolved in THF (5 ml) and it was added dropwise at 
room temperature to the solution of Horner-Emmons reagent which has been prepared from NaH 
(60% dispersion in mineral oil, 440 mg, 11.0 mmol) and triethyl phosphonoacetate (2.47 g, 11.0 
mmol) in THF (50 ml) in advance.  The mixture was stirred for 1 h at the same temperature.  The 
resulting mixture was poured into water and extracted with EtOAc.  The organic layer was washed 
with water, and brine, dried over MgSO4, filtered, and concentrated in vacuo.  The residue was 
purified by column chromatography on silica gel with hexane/EtOAc (5:1) to give 124 (2.43 g, 86%) 
as an oil: IR (neat) 2977, 2933, 2854, 1716, 1697, 1423, 1365, 1176, 1039, 970, 872, 766 cm-1; 1H 
NMR (CDCl3) δ 1.22-1.45 (m, 2H), 1.29 (t, J = 7.2 Hz, 3H), 1.45 (s, 9H), 1.65-1.80 (m, 2H), 
2.18-2.42 (m, 1H), 2.66-2.86 (m, 2H), 4.02-4.23 (m, 2H), 4.19 (q, J = 7.2 Hz, 2H), 5.80 (dd, J = 15.7, 
1.4 Hz, 2H), 6.90 (dd, J = 15.7, 6.6 Hz, 2H); MS (ESI) m/z 306.3 (M+Na)+. 
 
(2E)-3-[1-(tert-Butoxycarbonyl)-4-piperidinyl]acrylic acid (125).  To a solution of 124 (2.40 g, 
8.48 mmol) in THF (12 ml) and EtOH (12 ml) was added dropwise 1 N aqueous NaOH solution 
(25.4 ml, 25.4 mmol) under ice cooling and the mixture stirred overnight at room temperature.  
Volatiles were evaporated off and residual aqueous solution was adjusted to pH 3 with 10% aqueous 
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KHSO4 solution, and extracted with EtOAc.  The organic layer was washed with water and brine, 
dried over MgSO4, filtered, and concentrated in vacuo.  The residue was triturated with hexane, 
collected and dried in vacuo to give 125 (1.92 g, 88%) as a solid: IR (KBr) 3002, 2976, 2927, 1691, 
1679, 1412, 1284, 1234, 1178, 1109, 1012, 987, 943, 775, 544 cm-1; 1H NMR (CDCl3) δ 1.25-1.50 
(m, 2H), 1.46 (s, 9H), 1.68-1.82 (m, 2H), 2.12-2.45 (m, 1H), 2.65-2.88 (m, 2H), 4.02-4.22 (m, 2H), 
5.82 (dd, J = 15.8, 1.2 Hz, 1H), 7.01 (dd, J = 15.8, 6.6 Hz, 1H); MS (ESI) m/z 278.2 (M+Na)+. 
 
tert-Butyl 4-{(1E)-3-[(3R)-3-(ethoxycarbonyl)-1-piperidinyl]-3-oxo-1-propen-1-yl}-1-piperidine 
carboxylate (126).  This compound was prepared from 125 and 47 using a procedure similar to 
that employed for the preparation of 49 (96%): IR (neat) 1730, 1680, 1660, 1615, 1420, 1170, 970, 
870, 760 cm-1; 1H NMR (CDCl3) δ 1.15-1.46 (m, 2H), 1.27 (t, J = 7.1 Hz, 3H), 1.46 (s, 9H), 
1.62-1.82 (m, 8H), 2.02-2.14 (m, 1H), 2.21-2.36 (m, 1H), 2.64-2.83 (m, 2H), 3.02-3.10 (m, 1H), 




acid (127).  This compound was prepared from 126 using a procedure similar to that employed for 
the preparation of 107 (74%): IR (neat) 1715, 1680, 1660, 1570, 1170, 1000, 960 cm-1; 1H NMR 
(DMSO-d6) δ 1.08-1.31 (m, 2H), 1.39 (s, 9H), 1.65-1.70 (m, 5H), 2.24-2.41 (m, 2H), 2.74-2.82 (m, 
2H), 3.04 (t, J = 10.9 Hz, 1H), 3.32-3.46 (m, 2H), 3.85-3.98 (m, 3H), 6.43 (d, J = 15.8 Hz, 1H), 6.60 
(dd, J = 15.8, 5.4 Hz, 1H) 12.40 (s, 1H); MS (APCI) m/z 367 (M+H)+; Anal. Calcd for C19H30N2O5: 




piperidinyl]-3-oxo-1-propen-1-yl}-1-piperidinecarboxylate (128).  This compound was prepared 
from 127 using a procedure similar to that employed for the preparation of 98 (74%): IR (neat) 1715, 
1660, 1640, 1360, 1160 cm-1; 1H NMR (CDCl3) δ 1.05-1.57 (m, 2H), 1.28 (t, J = 7.1 Hz, 3H), 1.46 (s, 
9H), 1.70-1.80 (m, 3H), 1.92-2.10 (m, 2H), 2.24-2.40 (m, 2H), 2.28 (d, J = 2.3 Hz, 1H), 2.70-2.85 
(m, 4H), 3.22-3.41 (m, 2H), 3.65-3.80 (m, 1H), 4.07-4.25 (m, 4H), 4.18 (q, J = 7.1 Hz, 2H), 
5.05-5.17 (m, 1H), 6.22 (d, J = 15.1 Hz, 1H), 6.83 (dd, J = 15.1, 7.1 Hz, 1H) 7.02-7.18 (m, 1H); MS 
(APCI) m/z 490 (M+H)+. 
 
(3S)-3-{[((3R)-1-{(2E)-3-[1-(tert-Butoxycarbonyl)-4-piperidinyl]-2-propenoyl}-3-piperidinyl)car
bonyl]amino}-4-pentynoic acid (129).  This compound was prepared from 128 using a procedure 
similar to that employed for the preparation of 107 (97%): IR (neat) 3270, 2925, 2855, 1720, 1650, 
1600 cm-1; 1H NMR (DMSO-d6) δ 1.17-1.32 (m, 2H), 1.37 (s, 9H), 1.39-1.86 (m, 7H), 2.11-2.40 (m, 
2H), 2.55-3.11 (m, 6H), 3.21 (d, J = 2.3 Hz, 1H), 3.90-3.98 (m, 2H), 4.13-4.45 (m, 1H), 4.75-4.88 
(m, 1H), 6.42 (d, J = 15.3 Hz, 1H), 6.60 (dd, J = 15.3, 6.3 Hz, 1H), 8.43 (d, J = 8.0 Hz, 1H); MS 
(APCI) m/z 462 (M+H)+. 
 
(3S)-3-[({(3R)-1-[(2E)-3-(4-piperidinyl)-2-propenoyl]-3-piperidinyl}carbonyl)amino]-4-pentyno
ic acid (63l).  This compound was prepared from 129 using a procedure similar to that employed 
for the preparation of 63d (100%): IR (KBr) 2361, 1726, 1655, 1601, 1277, 1255, 1223, 1194 cm-1; 
1H NMR (DMSO-d6) δ 1.19-1.41 (m, 2H), 1.59-1.88 (m, 5H), 2.14-2.32 (m, 4H), 2.51-2.76 (m, 4H), 
2.89-3.17 (m, 4H), 3.89-4.42 (m, 2H), 3.89-4.42 (m, 2H), 4.60-4.71 (m, 1H), 6.36 (d, J = 15.1 Hz, 
1H), 6.57 (dd, J = 15.1, 6.4 Hz, 1H), 8.85 (m, 1H); MS (APCI) m/z 366 (M+H)+; Anal. Calcd for 




carbonyl]-1-piperidinyl}-1-propen-1-yl)-1-piperidinecarboxylate (133).  To a mixture of 129 
(600 mg), npentanol (0.16 ml, 1.43 mmol) and DMAP (16 mg, 0.13 mmol) in CH2Cl2 (6 ml) was 
added EDC·HCl (270 mg, 1.43 mmol) at 0 °C.  After stirring at room temperature overnight, the 
solution was evaporated in vacuo.  The residue was poured into water and extracted with EtOAc.  
The extract was washed with saturated aqueous NaHCO3, water and brine, dried over MgSO4, 
evaporated in vacuo, subsequently.  The residue was purified by column chromatography on silica 
gel with EtOAc/Hexane (1:1) to give 133 (650 mg, 94%) as a colorless oil: IR (neat): 2900, 2825, 
1710, 1640, 1600 cm-1; 1H NMR (DMSO-d6) δ 0.89-0.97 (m, 3H), 1.26-1.40 (m, 7H), 1.46 (s, 9H), 
1.61-1.79 (m, 6H), 1.92-2.05 (m, 1H), 2.28 (d, J = 2.3 Hz, 1H), 2.24-2.38 (m, 2H), 2.68-2.83 (m, 
4H), 3.23-3.39 (m, 2H), 3.64-4.26 (m, 6H), 5.05-5.16 (m, 1H), 6.22 (d, J = 15.2 Hz, 1H), 6.82 (dd, J 




]-3-oxo-1-propen-1-yl}-1-piperidinecarboxylate (132). This compound was prepared from 129 and 
nbutanol using a procedure similar to that employed for the preparation of 133 (89%): 1H NMR 
(CDCl3) δ 0.96 (t, J = 7.3 Hz, 3H), 1.33 (d, J = 7.3 Hz, 2H), 1.36-1.45 (m, 3H), 1.46 (s, 9H), 
1.56-1.77 (m, 4H), 1.90-2.05 (m, 2H), 2.20-2.31 (m, 2H), 2.28 (d, J = 2.4 Hz, 1H), 2.60-2.81 (m, 
4H), 4.06-4.18 (m, 5H), 5.05-5.13 (m, 1H), 6.23 (d, J = 15.1 Hz, 1H), 6.82 (dd, J = 15.1, 6.7 Hz, 





yl]-1-piperidinyl}-1-propen-1-yl)-1-piperidinecarboxylate (134). This compound was prepared 
from 129 and 2-phenethyl alcohol using a procedure similar to that employed for the preparation of 
133 (100%): IR (neat) 2930, 2850, 1730, 1650, 1600 cm-1; 1H NMR (CDCl3) δ 1.26-1.40 (m, 2H), 
1.46 (s, 9H), 1.45-1.89 (m, 8H), 1.95-2.04 (m, 1H), 2.20-2.39 (m, 1H), 2.25 (d, J = 2.4 Hz, 1H), 
2.67-2.91 (m, 4H), 2.97 (t, J = 7.0 Hz, 2H), 3.20-3.41 (m, 1H), 4.07-4.17 (m, 3H), 4.36 (t, J = 7.0 Hz, 
2H), 5.01-5.13 (m, 1H), 6.23 (d, J = 15.2 Hz, 1H), 6.82 (dd, J = 15.2, 6.7 Hz, 1H), 7.21-7.51 (m, 




(135).  To a solution of 129 (500 mg, 1.08mmol) in DMF (5 ml) was added K2CO3 (75 mg, 0.54 
mmol) under stirring at 0 °C, stirred for 15 min, and pivalic acid iodomethyl ester (310 mg, 1.30 
mmol) in DMF (3 ml) was added to the mixture.  After stirring at room temperature for 1 h the 
mixture was poured into water and extracted with EtOAc.  The extract was washed with water and 
brine, dried over MgSO4, and evaporated in vacuo, subsequently.  The residue was purified by 
column chromatography on silica gel with CHCl3/MeOH (98:2) to give 135 (370 mg, 59%) as a 
colorless oil: IR (neat) 2960, 2920, 2850, 1745, 1650, 1600 cm-1; 1H NMR (CDCl3) δ 1.22 (s, 9H), 
1.32-1.60 (m, 3H), 1.46 (s, 9H), 1.69-1.80 (m, 3H), 1.89-2.03 (m, 2H), 2.16-2.40 (m, 5H), 2.28 (d, J 
= 2.4 Hz, 1H), 2.70-2.85 (m, 4H), 3.33-3.51 (m, 1H), 4.04-4.18 (m, 3H), 5.04-5.17 (m, 1H), 5.77 (s, 
2H), 6.24 (d, J = 15.1 Hz, 1H), 6.83 (dd, J = 15.1, 6.6 Hz, 1H); MS (APCI) m/z 576 (M+H)+. 
   
Ethyl (3S)-3-[({(3R)-1-[(2E)-3-(4-piperidinyl)-2-propenoyl]-3-piperidinyl}carbonyl)amino]-4- 
pentynoate (131a).  To a solution of 128 (800 mg, 1.63 mmol) in EtOAc (8 ml) was added 4 N 
HCl in EtOAc (4.08 ml, 16.3 mmol) at 0 °C, and the reaction mixture was stirred for 3 h at room 
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temperature.  The precipitates were filtered, washed with Et2O and resolved in water, neutralized 
with saturated aqueous NaHCO3 desalted by using the resin of HP-20 with isopropanol/H2O (1:1), 
then lyophilized to give 131a (536 mg, 84%) as an amorphous solid: IR (KBr) 3427, 3269, 3049, 
2941, 2862, 2742, 1732, 1655 cm-1; 1H NMR (D2O) δ 1.10 (t, J = 7.2 Hz, 3H), 1.32-1.68 (m, 6H), 
1.75-1.89 (m, 3H), 2.23-2.54 (m, 3H), 2.59-3.14 (m, 6H), 3.23-3.30 (m, 3H), 3.37-4.19 (m, 2H), 4.03 
(q, J = 7.2 Hz, 2H), 4.76-4.86 (m, 1H), 6.30 (d, J = 15.6Hz, 1H), 6.43-6.57 (m, 1H); MS (APCI) m/z 
390 (M+H)+; Anal. Calcd for C21H31N3O4·2.7H2O: C, 57.57; H, 8.37; N, 9.59.  Found: C, 57.89; H, 
8.13; N, 9.19. 
 
Butyl (3S)-3-[({(3R)-1-[(2E)-3-(4-piperidinyl)-2-propenoyl]-3-piperidinyl}carbonyl)amino]-4- 
pentynoate (131b).  This compound was prepared from 132 using a procedure similar to that 
employed for the preparation of 131a (100%):  1H NMR (D2O) δ 0.92 (t, J = 7.2 Hz, 3H), 1.24-1.41 
(m, 5H), 1.59-1.76 (m, 2H), 2.18-2.30 (m, 2H), 2.58-2.82 (m, 5H), 3.11-3.18 (m, 2H), 3.83 (d, J = 
7.2 Hz, 2H), 5.16-5.19 (m, 1H), 6.15 (d, J = 15.4 Hz, 1H), 6.25-6.40 (m, 1H); HRMS (ESI) m/z 
Calcd for C23H36N3O4 (M+H)+: 418.2706, found: 418.2717.  
 
Pentyl (3S)-3-[({(3R)-1-[(2E)-3-(4-piperidinyl)-2-propenoyl]-3-piperidinyl}carbonyl)amino]-4- 
pentynoate hydrochloride (131c).  This compound was prepared from 132 using a procedure 
similar to that employed for the preparation of 131a.  To the purified aqueous solution was added 
1N HCl and lyophilized to give the product as a HCl salt (32%): IR (KBr) 3417, 3294, 3035, 2958, 
2939, 2864, 2727, 1734, 1655 cm-1; 1H NMR (D2O) δ 0.76-0.83 (m, 3H), 1.18-1.32 (m, 4H), 
1.39-1.76 (m, 7H), 1.88-2.00 (m, 3H), 2.31-2.58 (m, 2H), 2.67 (d, J = 2.4 Hz, 1H), 2.75-3.20 (m, 
4H), 3.29-3.42 (m, 3H), 3.80-4.27 (m, 2H), 4.07 (d, J = 6.5 Hz, 2H), 4.55-4.93 (m, 2H), 6.38 (d, J = 
15.2Hz, 1H), 6.51-6.63 (m, 1H); MS (APCI) m/z 432 (M+H)+; Anal. Calcd for C24H37N3O4HCl: C, 
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61.59; H, 8.18; N, 8.98.  Found: C, 61.65; H, 8.42; N, 8.95. 
 
2-Phenylethyl (3S)-3-[({(3R)-1-[(2E)-3-(4-piperidinyl)-2-propenoyl]-3-piperidinyl}carbonyl) 
amino]-4-pentynoate hydrochloride (131d).  This compound was prepared from 134 using a 
procedure similar to that employed for the preparation of 131a (83%): IR (KBr) 3028, 2945, 2864, 
2804, 1736, 1651 cm-1; 1H NMR (DMSO-d6) δ 1.21-1.75 (m, 11H), 2.30-2.35 (m, 2H), 2.61-3.10 (m, 
8H), 2.88 (t, J = 6.8 Hz, 3H), 3.17-3.29 (m, 2H), 3.66-3.84 (m, 1H), 4.24 (d, J = 7.0 Hz, 2H), 
4.69-4.92 (m, 1H), 7.20-7.35 (m, 5H), 8.45-8.55 (m, 1H), 8.46-8.65 (br, 1H), 8.81-8.93 (br, 1H); 
HRMS (ESI) m/z Calcd for C27H36N3O4 (M+H)+: 466.2706, found: 466.2761. 
 
[(2,2-Dimethylpropanoyl)oxy]methyl (3S)-3-[({(3R)-1-[(2E)-3-(4-piperidinyl)-2-propenoyl] 
-3-piperidinyl}carbonyl)amino]-4-pentynoate trifluoroacetate (131e).  This compound was 
prepared from 135 using a procedure similar to that employed for the preparation of 131a.  Crude 
product was purified by preparative HPLC and lyophilized to give 131e as TFA salt (81%): IR (KBr) 
3373, 3049, 2981, 2943, 2870, 2536, 1757, 1674, 1659, 1601 cm-1; 1H NMR (D2O) δ 1.19 (s, 9H), 
1.46-1.86 (m, 6H), 1.93-2.11 (m, 3H), 2.39-2.66 (m, 2H), 2.77 (d, J = 2.4 Hz, 1H), 2.90-2.95 (m, 
2H), 3.00-3.30 (m, 4H), 3.40-3.52 (m, 3H), 3.90-4.13 (m, 2H), 5.78 (s, 2H), 6.45 (d, J = 15.5 Hz, 
1H), 6.64 (dd, J = 15.5, 6.2 Hz, 1H); MS (APCI) m/z 476 (M+H)+. 
 
3.10.2.  Pharmacokinetic Studies.  
 
 Following overnight fast animals (rats, dogs, or monkeys) in the oral group were administrated a 
single dose of compound.  Animals in the intravenous group received a single intravenous dose.  
All blood samples were collected from the jugular vein into heparinized Vacutainer tubes.  Blood 
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samples from oral group were collected at 0, 1.0, 2.0, 4.0, 6.0, 8.0, and 12.0 h post-dose.  Blood 
samples from intravenous group were collected at 0, 1.0, 2.0, 4.0, 6.0, 8.0, and 12.0 h post-dose.  








し、フィブリノゲンと拮抗する RGDβ-ターンを模した非ペプチド性小分子 50 の設計と合





































集抑制作用(IC50; 38 nM)を示した。さらに、ブチルエステル基を持つプロドラッグ体 131c
が経口吸収性に優れた化合物である事を見出した。 
また、創出した薬剤が実際の症例モデルに対して有効であることを確認した。モルモッ
ト脳梗塞 PIT (photochemically-induced thrombosis) モデルにおける 61e の薬効試験を行った。




脳切片画像の白い部分が、このモデルにおける脳梗塞を起こした部分である (Figure 22 (a))。
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この実験モデルにおいて、化合物 61e 1 mg/kg を事前に静脈内投与した後に光照射を行った
場合、明らかな脳梗塞の発生が抑えられているのが分かる(Figure 22 (b))。上市されている血




化合物 61e は、現在開発番号 FK419 という名称で Phase I 段階にある。既存の血小板凝集
抑制剤に付随する問題点を克服した優れた薬効と出血傾向の少ない利点を有する新しい血
小板凝集抑制剤として位置づけられる。この注射剤の臨床実験で臨床有効用量が設定され




今後、これら 2 剤が上市されるまでには、健常人での薬剤の安全性試験、血中動態試験 
(Phase I 試験)、患者さんへの投与による薬剤の有効性と血中動態からの用量決定(Phase II 試
験)、様々な状況下の患者さんへの投与や既存薬剤との比較試験 (Phase III 試験)を経なけれ
ばならず、まだ上市への道のりは長い。少なくともヒトでの有効性と安全性までは早急に
確認したい。また経口剤 FR184764 (131c) もヒトでの経口吸収性がどのような値を示すか
も将来確認すべき課題である。 
また薬剤生産コスト低減化の面からも、まだ克服しなければいけない問題点がある。創
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